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PREFACE. 



MuLttPLicrrf of wants and divetsits* of tastes ar6 diarac- 
terisUcs of advaticed civilization. The wigtrams of a savage 
tribe are as unifonn in their structure as the nests of a 
species of biMs ; and in drtdA the savages are well-nigh as 
homc^eneous as the bii*ds. On the other hand, scarcely two 
dwellings in an enlightened communitj' are precisely alike ; 
While endless diversit}' is seen in the costumes of the inhabit- 
ant& of the same dtj*. So with intellectual demands. The 
time has gone by when a single Spelling-Book, a single 
Header, and a single Arithmetic will be accepted throughout 
the country* The necessities of schools ai^ varied, and the 
views and methods of good teachers are not the same. In 
reference to Arithmetic, for example, we have every variety 
of Niew, — from that which would make the mere modus 
operandi the sole aim, to that which confines attention almost 
exclusivel}^ to the study of principles and to ratiocination ; 
assuming that the pupil well grounded in these cannot be 
greatly deficient in practical operations. 

It is this diversity of demand ^that has led to the prepa- 
Kition of tMs text-book on Aiithmetic now offercd to the 
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4 PBEFACE. 

public. While the Author's "Elements of Arithmetic" 
has, in a very flattering wa3% met the wants of teachers who 
desire to make the stud}- of principles especially prominent ; 
there are still many teachers whose views of the philosophy 
of teaching, or whose circumstances, demand a less theo- 
retical and more characteristicAll}'' practical treatise. Such 
teachers will find their wants met b}' this book. All state- 
ments of principles, definitions, and rules are reduced to 
the most brief and simple language consistent with clearness 
and accuracy; and all demonstrations, illustrations, and 
methods of solution are made as explicit, direct, and prac- 
tical as possible. 

While the examples are taken, in large part, from the 
"Elements,'* some of the more complicated of the latter 
have been omitted, and a great number of ordinary practi- 
cal exercises have been added. As a book of work^ it is 
believed to be richer than any hitherto offered to the public. 

The Metric System is presented somewhat earlier and 
somewhat fuller than in the "Elements;" and a special 
chapter on Mensuration has been added. In fact, the 
Author has availed himself of the suggestions of many 
friends, who have examined the "Elements," and have 
desii'ed a book containing the same freshness of, and practi- 
cal adaptation of problems, the same thoroughness in the 
ex}x>sition of principles ; but have at the same time desired 
a book which should be somewhat less a development of a 
method of teaching, and more characteristically a book of 
work for the pupil. With a view to meeting the practical 
wants of the schookoom iu our great giaded schools, this 
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book, at every step of its progress, has been closely scruti- 
nized, and vigorously criticised by one of our most intelli- 
gent, experienced, and successful teachers. 

As in the former volume, so in this : the methods known 
as "Mental" have been carefully incorporated with those 
known as "Written,'* in order to present the subject of 
Arithmetic in one volume as fully and completely as the 
needs of our public schools require. Thus, for the great 
body of our schools, but one book in Arithmetic will be 
required after the primary coiu'se. 

The Author feels himself speciaU}" fortunate in securing 
publishers who bring out his books in the best stj^le of the 
printer's art, and on the best material. The good taste of 
the stereotypers, the elegance of the engraved chapter-head- 
ings, the perfection of the press-work, the quality of the 
paper, the simple elegance and firmness of the binding, are 
mechanical features of no small moment in a text-book, and 
which in this cannot fail to challenge admiration. 

Edward Olney. 
University of Michigan, 

Ann Abbob, July, 1879. 
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CHAPTER I. 
FUNDAMENTAL PRINCIPLES AND RULES. 



SECTION I. 
READING NUMBERS. 

What Numbers and Figures are*. 

!• A Unit is one. 

How many units are there In three ? How many in eight ? In 
one ? In six ? 

2« Number is an answer to the question, How many? A 
unit, or any collection of units, is a number. 

1. Is six a number ? Why ? 

Ans. — Six is a number because it is an answer to the question. 
How many ? 

2. Is fifteen a number ? Why? Is one a numbet"^ ^^^^1^ 
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10 FUNDAMENTAL RULES. 

3. Arithmetic is the elementary branch of the science of 
number. 

4. Figures are characters used to represent numbers. 
There are ten figures ; viz., — 

0, h 2, 3, 4, 5, 6, 7, S, 9. 

5* The last nine of these figures are called Digits; and 
the first, 0, is called Zero, or Cipher. 

6. The name of any digit, and the number of units which 
it represents, are the same. Hence, to read a number repre- 
sented by a single figure, simply pronounce the name of the 
figure. 

T^at is the name of this digits 6 ? How many units does it repre- 
sent ? What is the name of this, 7 ? How many units does it repre- 
sent? Is a digit? 

7. The Value of a figure is the number which it repre- 
sents. 

What is the value of 8? Of 0? Of 1 ? Of 7? 

8. Zero, 0, is an auxiliary^ character, and in Itself has 
no value. When it stands alone it signifies naughty or 
nothing; that is, no number. - 

The digits are often called Signiftcmtt Figures^ because they signify 
something — that is, some number — when standing alone. 



How Numbers are Grouped. 

9« Numbers are grouped into tens, and thi^ way of 
grouping them is called the Decimal System. 

Decimal means by tens ; so that Decimal System xaeaw a 
system by tens. 

Ten units make one ten. 

Ten tens make one hundred. 

Ten hundreds make one thousand. 

1 Auxiliary means helping. The character is called an auxiliary ofaaFScter be- 
caase itAsipt the ^i^ta in repreMnting certaia other immbam; as 10, liXVS0«.2Qft»etc. 
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10. The numbers from ten to one hundred are written and 
read as foflows : — 



a 



10, ten. 

11, eleven. 

12, twelve. 

13, thirteen. 

14, fourteen, 

15, fifteen. 

16, sixteen. 

17, seventeen. 

18, eighteen. 

19, nineteen, 

20, twenty. 

21, twenty-one. 

22, twenty-two. 

23, twenty-three. 
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24, twenty-four. 

25, twenty-five. 

26, twenty-six. 

27, twenty-seven. 

28, twenty-eight. 

29, twenty-nine. 



80, thirty. 
31, thirty-one. 
Etc., etc. 



40, forty. 

41, forty-one. 

Etc., etc. 
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50, fifty. 

Etc., etc. 



60, sixty. 

Etc., etc. 



70, seventy. 
Etc., etc. 



80, eighty. 

Etc., etc. 



90, ninety. 

Etc., etc. 



100^ one hundred. 



The ** teen " in the numbers from 13 to 19 means ten : so that 
'* thirteen" means three and ten; " fourteen," four and ten, etc. 

The '^ t^ " in the following numbers also means ten : but in these 
cases *^ twenty" means two tens; "thirty," three tens, etc. Hence 
"twenty-one" means twenty and one; " twenty-two " means twenty 
and two, etc. 

Exs. — Eead the following, giving the meaning of each ex- 
pression: 14, 13, 19, 40, 70, 30, 54, 73, 82, 48, 71, 32, 23, 
56, 65, 33, 55, 91, 98, 36, 43, 34, 41, 21, 26, 62, 78, 64, 
81, 71, 17, 50, 13, 80, 61, 16, 81, 18, 88, 99, 47, 74, 96, 
69, 79, 89, 77, 61, 15, 28 68, 86. 



12 FUNDAMENTAL RULES. 

To Mead a Number represented by Three Figures. 

PRINCIPLE. 

11. When figures are tvritten side by side^ like the letters 
of a wordj and withotU any other marks^ the right-hand figure 
represents units, the neost one tens, and the next hundreds. 

1. In 485 which figure represents units? 
Which figure represents tens ? 

Which figure represents hundreds ? 

2. In 576 what does the 5 represent? 

What do the other two figures taken together represent? 
Then how do ^we read 576 ? 

Ans. — Five hundred seventy-six. 

3. In 700 how many hundreds are represented? How 
many tens ? How many units ? 

If there are no tens nor units represented in 700, and there 
are 7 hundreds, how wiU you read it? 

4. In 503 how many hundreds are represented? How 
many tens ? How many units ? Then how is 503 read ? 

Ans. ^ — Five hundred three. 

12. Rule. — To Read a Number represented by Three 
Figures. Pronounce the number of hundreds firsts and then 
read the other two figures as directed in the preceding rules. 

5. Read the following: 834, 235, 482, 576, 821, 763, 222, 
343, 988, 889, 898, 888, 111^ 644, 446, 279, 927, 972. 

6. Read 708, 604, 303, 101, 105, 107, 109, 408,404, 802, 
801, 703, 602, 808, 609, 708, 906, 507, 801, 108, 406. 

7. Read 530, 640, 760, 990, 810, 960, 870, 440, 110, 250, 
340, 820, 910, 750, 450, 340, 880, 730, 690. 



13. The groups of ten each into which numbers are col- 
lected are called Orders. 

We have now become acquainted with Units Order ^ Tens 
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Order^ and Hundreds Order ^ and have seen that ten hun- 
dreds make a thousand, which is the next higher order. 

Ex. — In 6827 what oixier is 7 in ? What 2 ? 8 ? 6 ? 

While each digit always represents the same number of 
units, the order of these units is determined by the place the 
figure occupies. Thus 5 always represents five units ; but in 
the number 2586 the units are units of hundreds : so, also, 
the 2 represents 2 tens-of-hundreds. The number of units 
represented by a digit is sometimes called its Simple Value, 
while its place or order value is called its Local Value. 



JReading Numbers represented by mare than Three 

Figures. 

14. When we wish to read a number represented b}'^ a 
large ^number of figures, as 764312895, we first point the 
figures off into sets by putting a comma between the third 
and fourth, sixth and seventh, etc. ; that is, after every third 
figure from the right. 

16. Each set of figures thus pointed off is called a 
Period. Each period, except the one at the left, must have 
three figures in it. The left-hand period may have one, two, 
or three figures in it. 

16. The second period from the right is called Thousands 
Period; the next, or third from the right, is called Millions 
Period; the next, or fourth from the right, is called Billions 
Period} 

1. What is the thousands period in 467312895? 

Ans., 312. 

What is the millions period? Ans., 467. 

2. What is the billions period in 24876403287? 

Ans., 24. 

^ The succeesive periods beyond billions are trillions, quadrillions, quintiIlion8» 
Beztillions, septillions, and octillions, etc. 
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8. What id the thousands period in the last number? 
What the millions ? 

4. Point off 53212671. What is the number which stands 
in millions period ? What in thousands period ? 

6. Point off 3412756, and then name in order the number 
standing in each period, beginning at the left. 

When pointed off, this is 3,412,756. 

Hence we read 3 million, 412 thousand, 756. 

6. Point off and read 245642. 
When pointed off, this is 245,642. 
Hence it is read 245 thousand, 642. 

7. Point off and read 50800806. 

This is read 50 million, 300 thousand, 806. 

8. Point off and read the following numbers : — 

348256 12350246710 452506481835 

2957648 881100604 2648300500 

54203 18203700 30825605100*' 

9. Read 2070582. What are the figures in thousandg 
l^eriod? Ans., 070. How much does 070. represent? 
How many units? How many tens? How many hundreds? 
When these three figures, 070, stand alone and in this order, 
what more do they represent than 70 ? . 

If 070 is only 70, might we not omit the before the 7 in. 
the number 2070582 without altering the value? Why not? 
Read 270582. Read 2070582. Are they the same? 

17. Rxale. — To Read a Number represented by more 
THAN Three Figures. First separate the number into 
periods by placing a comma before every third figure from 
the rigfU. Tlien^ beginning at the left^ read the number in 
each period in succession according to the rule for reading a 
number represented by three figures^ and^ after the number 
represented in any period^ pronounce the name of that period. 
J\zss in silence over periods filled by zeros. 



RBADINa NUMBEES. 



15 



J^xamples for Practice, 

Point off and read the following :. — 



21050707 

283004005 

2000200 

50034 

4785 

124080 

340077 

3000010 



505050 

5050505 

5010210 

53457 

8888888 

30608 

400000 



700000 

1500000 

2000004 

11111111 

223344 

4375682 

370000 

20009 



7200000 

The last is pointed off thus : 600,000,008 
hundred million, eight. 

18. Numeration is naming the orders of 
number for the purpose of reading it. 

The following table will show the names of 
of the periods at a glance : — 



3003000001 

5000011006 

6000000112 

50000000 

4260000 

4008000 

70060080 

600000008 

; and read six 

the figures in a 
the orders and 
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16 FUNDAMENTAL EULES. 

1. Numerate, that is, name the orders in, 72156437851, 
beginning at the right. 

2. Numerate the following : — 

421561304 142345685087 426005832 

31020567 32564875190 31110050 

PRINCIPLE. 

20. In the Decimal System ten of any order always makes 
one of the next higher order ^ and a thousand of any period 
always makes one of the next' higher period, 

1. How many tens make a hundred? 

2. How many hundreds make a thousand? 

3. How many thousands make a tens-of-thousands ? 

4. How many tens-of-thousands make a hundreds-of-thou- 
sands ? 

5. How many thousands make a million? 

6. How many millions make a billion? 

7. How many billions make a tens-of-billions ? 

8. How many tens-of-billions make a hundreds-of-billions? 



21« Two very important practical observations are to be 
made in closing this section. The}^ lie at the foundation of 
most of the operations in the fundamental rules, and are of 
essential importance in understanding decimal fractions. 

1. Any number of figures at the right may be read as so 
many units. 

2. Any number of figures at the left may be read as so 
many of the lowest order of those figures. 

Thus in 2536 : 1. We may consider the 3 and 6 as repre- 
senting 36 units ; for 3 tens and 6 units are 36 units. In 
like manner the 5, 3, and 6 may be considered as 536 units ; 
since 5 hundreds, 3 tens, and 6 units make 536 units. 2. 
Tlie 25 may be considered as 25 hundreds ; for 2 thousands 
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and 5 hundreds make 25 hundreds. So also the 253 may 
be regarded as so many tens; since 2 thousands, 5 hundreds, 
and 3 tens make 253 tens. In like manner 47287 may be 
read 472 hundreds and 87 ; or 4728 tens and 7 ; or 4 ten- 
thousands, 72 hundreds, and 87; or 47 thousand, 28 tens, 
and 7. 

Ex. — Explain in this manner the various ways in which 
the following may be read : — 

348 ' 4285 785401 600820 

1501 31058 13482 82654 

2036 40000 5000 80140 



SECTION II. 
WRITING NUMBERS. 



22. To Write in Figures any Number represented by 

Three Figu/res or lese^ 

1. Write in figures seven; nine; six; four; eight; and 
two. 

. 2. Write in figures the following numbers : Forty-eight ; 
sixt3'-three ; ninety-seven ; eighty-two ; thirty-one ; fifty- 
five ; seventy-four ; sevent3'-8even ; forty-four. 

3. Write in figures the following numbers : Four hundred 
thirty-five ; seven hundred twentj^-eight ; three hundred siKty- 
two ; one hundred thirt3'-four ; two hundred twenty-six ; nine 
hundred forty-one ; seven hundred seventy-seven ; one hun- 
dred eleven ; five hundred fourteen ; eight hundred thirteen ; 
two hundred twelve; three hundred thirt}'; seven hundred 
seventeen. 

4. Write six hundred ; five hundred ; eight hundred ; three 

^ ■ ■■ ■■■ ■ ■ — — ■■ — -— .1 ,t ■■ — , II - ■ ■ ■■■■■■■ ■■■ ■■ ■ ■ I ■ 

1 This article affords a little drill on what it in presumed the pupil has already 
learned. If he has not» the teacher will need to give a little instruction before assign- 
ing the work. 



18 FUNDAMENTAL RITLES. 

hundred. Which orders will be filled with zeros in writing 
these numbers? Why? 

5. Write' four hundred twentj^; seven hundred fifl}' ; six 
hundred seventy ; two hundred eighty. Which order will be 
filled with a zero in writing these numbers ? Why ? 

6. Write four hundred seven ; six hundred twenty ; eight 
hundred one ; three hundred thirty ; one hundred seven ; one 
hundred ten ; five hundred fifty-five. 

In writing these numbers, what order will be filled bj^ a 
zero ? Why ? 

23. This method of writing numbers in figures is often 
called the Arabic Notation, and the ten figures used are 
called Arabic Characters, 

[This is because these figures were introduced into Europe by the 
Moors or Arabs, and were then thought to have been invented by the 
Arabs. It is now known that they came from farther East, — perhaps 
from Thibet.] 

Examples for Practice. 

1. Write all the numbers from one to two hundred. 

2. Write the following : Three hundred fifty-six ; two hun- 
dred twent^'-two ; seven hundred ninety ; seven hundred nine ; 
seven hundred ninetj'-nine ; six hundred ; six hundred five ; 
six hundred fift}- ; six hundred fiftj'-four; eight hundred 
eighteen ; nine hundred sixteen ; seven hundred ; seven hun- 
dred five ; seven hundred sixty-five ; three hundred eight}' ; 
three hundred eighty-eight ; six hundred sixty-six. 

3. Write all the numbers from four hundred to six hun- 
dred. 

4. Write all the numbers from three hundred twenty-six 
to ^\Q hundred fortj'-two. 

5. Write as many different numbers as yon can with the 
three digits, 5, 8, and 3, and read them. With 6, 4, and 2. 
1, 3, and 9. 7, 0, and 2. 6, 0, and 0. 

[The teacher can readily multiply exercises of this kind at pleas- 
ure.] 
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To Write in Figures any Whole Number whatever. 

24» Rule. — Beginning with the highest period^ write in 
siiccession from left to right the number named in each 
period as so many hundreds^ tensj and units^ filling all 
vacant orders and periods with ciphers. 

JSxamptes for l^ractice, 

1. Write twentj'-three million, four hundred fifty-six thou- 
sand, five hundred thirtj'-nine. 

2. Write forty-five thousand, seven hundred sixt3\ 

3. Write seventeen billion, one hundred eighty-one million, 
five hundred sixty-two thousand, two hundred seventy-eight. 

4. Write four thousand, one hundred four. 

5. Write seventy-five thousand, seventy-five. 

6. Write six hundred five thousand, one hundred twenty- 
three. 

7. Write "eight hundred seventy-two thousand, five hun- 
dred twelve. 

8. Write nine million, seven hundred sixt3'-five thousand, 
four hundred thirt3'-two. 

9. Write three hundred forty-million, fortj'-three thousand, 
five hundred sixty-seven. 

10. Write three hundred seventy-four billion, four hun- 
dred thirty-eight million, eight hundred sixty-two thousand, 
eight hundred forty-seven. 

11. Write seventy-two million, eightj'-three thousand, 
twenty-seven. 

12. Write seventeen thousand, seventeen hundred seven- 
teen. 

13. Write 2 hundred 89 million, 1 thousand. 

14. Write one million, one thousand, one. 

15. Write ten million, ten thousand, ten. 

16. Write one hundred sixt3'-seven thousand^ nine Ivww^k^vk 
thirtj'-eight. 
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17. Write ten billion. 

18. Write 4 hundred 69 billion, 9 hundred 31 million, 7 
hundred seventj'-seven. 

19. Write nine hundred ninety-nine million, nine hundred 
ninety-nine thousand, nine hundred ninetj^-nine. 

20. Write one hundred two billion, two hundred thousand, 
seven. 

21. Write 3 hundred fortj'-seven million, 5 hundred twenty- 
one thousand, 8 hundred ninet3'-six. 

22. Write 10 billion, 2 hundred 47 million, 327. 

23. Write 3 hundred 4 thousand, 26. 

24. Write 504 billion, 627 million, 17 thousand, 2. 

25. Write 12 million, 8 thousand, six. 

26. Write two hundred sixty-one billion, five hundred 
seventy-eight million, nine hundred thirteen thousand, one 
hundred twelve. 

27. Write ten million, ten. 

28. Write 1 million, 1 thousand, 1 hundred 1. 

29. Write twenty-two million, two hundred twenty-two 
thousand, two hundred twenty-two. 

30. Write 1 hundred 1 thousand, 2 hundred 2. 



S^ECTION III. 

THE ROMAN NOTATION.^ 

25. Dates, numbers of sections and chapters, and of the 
pages of an introduction to a book, are often represented by 
the seven letters 

I, V, X, L, C, D, M. 

1 This section is placed here in deference to custom. It should he omitted hy 
pupils unacquainted with addition and suhtraction until they have studied those 
tiubjecta. 
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26. When used to represent numbers, the values of these 
letters are as follows : — 

I, one; Y^five; X, ^en; Jj^ fifty; C^ one hundred; T>,five 
hundred; and M, one thousand. 

27. This method of representing numbers is called the 
Roman Notation. 



To Me€td a Number Representeil by the JRotnan No- 

tation. 

28. Rule. — Add the values of the letters^ observing that^ 
when a letter is fi)llowed by one of greater value than itself 
the difference between these two is to be taken in making up 
the sum. 

JSxamptes for Practice. 

1. Read XXVIII. 

Suggestion.— X is 10; V, 5; and 1, 1. Then, adding the values 
of all the letters, we have 28. Hence XXVIII is 28. 

2. Read XIX. 

Suggestion. — Here the I before X diminishes the value of the 
latter, making IX nme. X is 10. Hence XIX is 10 and 9, or 19. 

3. Read MDCCXLVIII. 

Suggestion. — Here we have 1000, 500, 100, 100, 40 (the XL is 40), 
5, 1, 1, and 1. Adding these, there results 1748. 

29. By observing what orders are represented, we can 
read such expressions at sight. 

4. Read MMDCCCLXXVII. 

Suggestion. — Here the two M's represent thousands ;' T> and 
the three C's, hundreds ; L and the two X's, tens ; V and the two I*s, 
units. Hence we read 2 thousand, 8 hundred seventy-ee^en. 
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5. Bead the following : — 



I. 


MDCCCLXXV. 


XIV. 


IV. 


MMCCXXII. 


XXTX. 


LX. 


CXL. 


XXXIV. 


VIII. 


MCCVIII. 


XL VIII. 


XX. 


XT.V. 


CCLXXI. 


XL. 


MDCXXVII. 


MMCLVIII. 


XXX. 


MCDXCII. 


MDCCCXL. 


LXXX. 


rv. 


MDCXX. 


CII. 


V. 


III. 


vii. 


XIX. 


L. 


VIII. 


XXXVIIl. 


LII. 


IX. 


XI. 


CCCXLIX. 


DVI. 


MMMDCCLXXXI. 


XXXTX. 



To Write any Number less than Four Thousand in 

the Roman Notation* 

SO. Rxale. — I. Write the letter of higJiest value which does 
not exceed the number to be written. Repeat this letter as 
many times as possible without exceeding the number. 

II. Observe how much remains to be represented^ and treat 
it in the same vaanner^ annexing these letters to the former. 
Continue this process till the entire number is represented. 

Observing that 

IV is written instead of IIII for four. 



IX '« 


1 ( ( 


Vim for nine. 


XL ' 


I (( 


XXXX for forty. 


XC 


% b 


LXXXX for ninety. 


CD 


I (( 


CCCC for four hundred. 


CM 


\ a 


DCCCC for nine hundred. 



That Is, DO latter is written four times in succession. 
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J^xamples for Practice. 

1. Write 327 in the Roman Notation. 

Suggestion.— C represents the highest value lower than 327, and 
can be written three times; thus CCC, which is 300. There now 
remains 27 to be represented. X is the letter next lower in value, 
and can be written twice;. thus XX, which is 20. 7 now remains; 
and y is the letter next lower in value, but cannot be repeated with- 
out exceeding the number: hence we write V. There now remains 
2, which is written II. CoUecting the letters, we have CCCXXVII 
for 327. 

2. Write 2738 in the Roman Notation. 

3. Write 1875 in the Roman Notation. 

4. Write 4, 9, 17, 28, 51, 123, 571, 120, 115, 731. 

5. Write 949, 494, 3489, 2974, 1740, 1620, 1492, 1776. 

[Note. — Observe that 4 and 9 are the only digits whose vidu^ 
are represented by differences.] 

6. Write all the numbers from 1 to 200. 

31, It will be a matter of interest to observe a sort of ten- 
fold ratio existing between the characters used in this nota- 
tion. Thus, — 



10 V 10 w 10- 



I. « V. » X. « L. a C. « D. » M. 

y is 5 times I ; X, 2 times Y. Hence X is 10 times I, etc. 
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SECTION IV. 

32. The Sum of two or more numbers is the number they 
make when united. . 

83. The sign -|- is called pltis, and, when placed between 
two numbers, indicates that they are to be added. Hence it 
is called the sign of addition. 

34, The sign = is called the sign of equality, and signifies 
that what is written before it is equal to that which is written 
after it. 

Thus 5 + 4 = 9, is read " 5 plus 4 equals 9." This means 
the same as " 5 and 4 are 9/* and " 9 is the sum of 4 
and 5." 

1. Read the following: 6-|-3 = 9; 5 + 2 = 7; 8 + 4 = 
12 ;3 + l = 4; 7 + 3 = 10; 1 + 1 = 2; 9 + 8 = 17; 6 + 
6 = 12. 

2. What is the sum of 6 and 3? 

3. What is the sum of 5 and 2? 

24 
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35. 


AI>DITION TABLB.t 




9 + 9 — 18 


9 + 8 — 17 


9 + 7 — 16 


9 + 6—15 


8 + 8 — 16 


8 + 7—15 


8 + 6 — 14 


8 + 5 = 13 


7 + 7—14 


7 + 6 — 13 


7 + 5 — 12 


7 + 4 — 11 


6 + 6 — 12 


6 + 5 = 11 


6 + 4—10 


6 + 3— 9 


5 + 5 — 10 


5 + 4— 9 


5 + 3= 8 


5 + 2— 7 


4 + 4— 8 


4 + 3— 7 


4 + 2= 6 


4 + 1= 5 


3 + 3= 6 


3 + 2= 5 


3 + 1= 4 




2 + 2— 4 


2 + 1— 3 






1 + 1— 2 


- 






9 + 5=il4 


9 + 4 — 13 


9 + 3 — 12 


9 + 2 — 11 


8 + 4 — 12 


8 + 3 — 11 


8 + 2 — 10 


8 + 1= 9 


7 + 3 — 10 


7 + 2— 9 


7+1= 8 




6 + 2= 8 


6 + 1= 7 




9 + 1 — 10 


5 + 1= 6 


■ 
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Exercises. 

1. How many are 5 and 4 ? Then how man}^ are 4 and 5 ? 

2. How many are 4 + 3 ? Then how man}'^ are 3 + 4 ? 

3. How many are 6 + 4 ? Then how many are 4 + 6 ? 

4. How many are 8 + 7 ? Then how many are 7 + 8 ? 



Does the order in which the numbers are named make any 
difference in their sum ? 

5. What pairs of digits give as the units figure of their 
sum? 

6. What give 1 as the units? 

7. Whatgive2? 3? 4? 5? 6? 7? 8? 9? 



8. What figure with 4 gives 2 as units? What 3? What 
7? 4? 6? 8? 5? 1? 

1 This table is given in this order so that it may be learned in, say, eleven or twelve 
lessons as an arbitrary effort of memory, and without the hurtful associations into 
which the usual method leads. Bee Manual. 
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9. What figure with 7 gives 2 as units? What 5? What 
9? What 6? 1? 4? 3? 8? 7? 

10. What figure with 2 gives 8 as units? What 1? What 
7? What 5? 2? 4? 3? 6? 8? 9? 



11. 3 and what make 7? 3 and what make 9? 5? 8? 
10? 12? 4? 11? 

12. 7 and what make 12? 7 and what make 15? 13? 
11? 8? 16? 14? 9? 



36. It will be seen that it is about equally easy to recog- 
nize the sum of two numbers, when one is represented by two 
digits and the other by one, as to recognize the sum of two 
digits. 

2 2 2 2 etc. 4 4 4 etc. 

3 13 23 33 5 1^?^ 

8 8 8 8 etc. 7 7 7 etc. 

7 17 27 37 ^ 11 ^ 

5555 5555 

8 18 28 38 48 58 68 78 



JSxamptes for l*ractice. 

1. How many are 37 and 6? 35 and 4? 39 and 7? 

2. How many are 45 and 8? 46 and 9? 48 and 3? 

3. How many are 64 and 7? ' 61 and 8? 67 and 6? 

4. How many are 89 and 6 ? 85 and 7 ? 84 and 9 ? 

5. How many are 57 and 8? 53 and 9? 56 and 8? 

6. How many are 17 and 6? 18 and 9? 19 and 7? 

7. How many are 78 and 5? 79 and 4? 74 and 7? 

8. How many are 16 and 8 ? 13 and 8 ? 13 and 6 ? 

9. How many are 13 and 9? 85 and 7? 76 and 8? 

10. How many are 23 and 7? 43 and 6? 55 and 5? 

11. How many are 42 and 8? 54 and 6? 13 and 7? 
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12. How many are 13 and 2? 12 and 7? 15 and 4? 

13. Copy the following on 3'our slates, and fill the blanks 
without counting : — 



23 + 6 = 
28 4-5 = 
45 + 5 = 
49 + 7 = 
81 + 9 = 
87 + 8 = 
87 + 9 = 



11 + 2 = 

17 + 3 = 

10 + 2 = 

18 + 5 = 

19 + 7 = 

11 + 9 = 

12 + 9 = 



20 + 2 = 
20 + 4 = 

28 + 6 = 

29 + 6 = 
38 + 7 = 
59+ 8 = 
62 + 9 = 



1. Count 100 by twos ; thus, 2, 4, 6, 8, 10, etc. 

2. Count 101 by twos, beginning with 3 ; thus, 3, 5, 7, 9, 
11, etc. 

3. Count 102 by threes ; thus, 3, 6, 9, 12, etc. 

4. Count 100 by threes, beginning with 1 ; thus, 1, 4, 7, 

10, 13, etc. 

5. Count 101 by threes, beginning with 2 ; thus, 2, 5, 8, 

11, 14, etc. 

6. Count 100 by fours. Count by fours from 1 to 101, 
from 2 to 102, from 3 to 103. 

7. Count by fives from 1 to 101, from 2 to 102, from 3 to 
103, from 4 to 104, from 5 to 100. 

8. Count by sixes from 1 to 103, from 2 to 104, from 3 to 

105, from 4 to 100, from 5 to 101, from 6 to 102. 

9. Count by sevens from 1 to 106, from 2 to 100, from 3 
to 101, from 4 to 102, from 5 to 103, from 6 to 104, from 7 
to 105. 

10. Count by eights froml to 105, from 2 to 106, from 3 
to 107, from 4 to 100, from 5 to 101, from 6 to 102, from 7 
to 103, from 8 to 104. 

11. Count by nines from 1 to 100, from 2 to 101, from 3 to 
102, from 4 to 103, from 5 to 104, froja 6 to 105, from 7 to 

106, from 8 to 107, from 9 to 108. 
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General Mule for Addition* 

37, Rule. — I. Write the numbers one under another^ so 
that all the units shall fall in one column^ aU the tens in 
another^ all the hundreds in another^ etc. 

II. Begin with the units column^ and add each column in 
succession. Write the units of the sum of any column under 
that column^ and add the tens to the next column. Writer 
down the entire sum of the la^t column. 

[The process of adding the tens of the sum of an}^ par- 
ticular column to the next column is sometimes called ^^ car- 
rying."} 

Reasons. — I. We write the numbers so that units shall fall in 
one column, tens in another, etc., in order that we may more readily 
see what units there are in all the numbers, and then what tens 
there are, etc. ; as we want to add the units first, then the tens, etc. 

II. We begin to add with the units, or lowest order, and proceed 
regularly through the orders, so that, when we have added any one 
order, we may know whether there are any from the lower order to 
add in with the higher one which we are to add next. 

III. Wlien we have gone through all the orders in this way, we 
have the sum of the several numbers, since we have one number 
which is made up of all the others put together. 

38. Addition is the process of finding the sum of two or 
more numbers by means of a knowledge of the Addition 
Table. 

There are two ways of finding the sum of numbers; viz., by count- 
ing and by adding. The Addition Table gives the simi of each possi- 
ble pair of the nine digits ; and only when the pupil knows all these 
sums, and uses this knowledge in the process, do we admit that he 
adds. 

Examples for Practice in A.dding* 

1. Add 427, 342, 856, and 728. form of 

SOLITTIOM. 

Explanation. — We write the numbers so that all the 427 

units shall stand in one column, all the tens in another, and ^^ 

all the hundreds in another, so that we may readily add the 22^ 

numbers m each order separately. 

We begin to a4d with the units column, since, having added 2353 
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It, and found the sum 23, we can readily see that there are 3 units, 
and, writing this in units order of the sum, can add the 2 tens in 
with the column of tens. 

In like manner, adding the 2 tens from the sum of the units column 
with the tens in the tens column, we have 15 tens, which is 1 hundred 
and 5 tens. Hence we write the 5 tens in tens order, and add the 1 
hundred in with the hundreds in hundreds column. 

This 1 hundred added in with the hundreds column makes 23 hun- 
dreds, which is 2 thousands and 3 hundreds. Writing these in their 
proper order, we have the sum 2353. 

2. Add 5648, 3726, 8972, and 6025. 

3. Add 38450, 64008, 56027, 37124, 73500, and 23478. 

4. Add 642, 35827, 25, 634851, 3206, and 15432. 

Suggestion. — When written for addition, these num- 642 

bers stand as in the margin. First add a column from 35827 

bottom to top, and then from top to bottom, repeating the 34351 

process till the results agree. 63206 

15432 
39. Whm adding a column of figures, do not 

name each figure, hut only name the sums. Thus, 

in adding the units column in this example, do not say '' 2 

And 6 are 8, and 1 are 9, and 5 are 14," etc. ; but sa}-, or* 

rather think, 2, 8, 9, 14, etc. 

5. What is the sum of 50802, 345, 289764, 30726, 29, 8, 
and 712800? 

6. What is the sum of 8, 29, 347, 5284, 70504, 2536475, 
976421, 24351, 5002, 437, 50, and 5? 

7. Find the sum of 78206, 843, 964271, 1853, 2679, 
570012, 8206143, 77899. 

8. Add 749831, 8632, 54317, 48, and 432613. The fol- 
lowing are the figures in the answer ; 1445421. How should 
they be arranged ? 

9. 181 + 24 + 897156 + 881 + 71512 gives the following 
figures : 456799. How should they be arranged? 

10. The sum of the following numbers is an important series 
of figures: 48, 5627, 82160, 3475, 426, 654136, ^i^^l^^c*, 
92541643, 743260041, and 395534538. 
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11. What is the sum of 3241, 476, 84324, 18472, 31421, 
and 62066 ? 

12. Add 18243, 32341, 7147, 165, 2342, and 50772. 

13. 156890 + 34875 + 217006 + 1000 + 2005 + 406 + 
842 = how man}' ? 

14. 2000 + 11001 + 801 + 5000 + 88 + 5764 + 872 + 
99 + 447 = how many ? 

15. 88888 + 7777 + 6666 + 55555 + 4444 + 33333 + 
222+ 11111 = how many? 

16. 576843 + 5891476 + 438275 + 789642 + 12384 + 
987640 = how many? 

17. 870095 -f 984573 + 642785 + 998877 + 679488 + 
1257 = how many ? 

18. 576443 + 203 + 4703 + 56428 + 121 + 2546 + 70058 
+ 46 + 343 = how many? 

19. 8192735742 + 2407643728 + 544337126 + 98724603 
+ 825473281 + 88116457263 = how many? 

20. What is the sum of the following numbers: three 
thousand four hundred sixty-five, two thousand fifty-four, 
nine hundred six thousand two hundred forty-seven? 

Ans., 911766. 

21. What is the sum of the numbers, one hundred sixty- 
seven thousand, three hundred sixty-seven thousand, nine 
hundred six thousand, two hundred forty-seven thousand, 
ten thousand, seven hundred thousand, nine hundred seventy- 
six thousand, one hundred ninety^five thousand, ninety-seven 
thousand ? Ans. , 3665000. 

22. What is the sum of two hundred seven, three hundred 
sixty-two, nine hundred forty-five, two thousand three hun- 
dred forty-three, fifteen thousand six hundred twenty-two, 
and fort3-five thousand eight? Ans., 64487. 

23. What is the sum of eighteen thousand three hundred 
twenty, seventj^-four thousand five hundred six, two hundred 
seventeen thousand nine hundred twenty-one, fifty-three thou- 
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sand seven hundred eleven, five hundred seventy-six thousand 
three hundred four, and six hundred fifty thousand forty-four ? 

Ans., 1590806. 

24. What is the sum of 3 thousand 4 hundred 92, 1 thou- 
sand 4, 6 thousand 5 hundred seventy, and 42 hundred 
eleven? Sum, 15277. 

25. Add 386 million 691, 546 miUion 311 thousand 122, 
796 thousand 351, 84 hundred 1, 9 thousand, 86 thousand 5 
hundred 21, 3 hundred fifty-eight thousand 6 hundred, 8 
million 8 hundred 88 thousand eight hundred eighty-eight, 
and 1 hundred million. Sum, 550855074. 

26. Add six hundred forty-two, three thousand one hun- 
dred twenty-four, seventy-nine thousand nine hundred six, 
eight hundred twenty-four, seven hundred five, and fort}^- 
seven thousand twenty-eight. Sum, 132229. 

27. Find the sum of six million sixty thousand six, seven 
million nine hundred fifty thousand ninety-nine, ten million 
nine thousand eight hundred seven, and three hundred sixty- 
seven thousand forty-five. Sum, 24386957. 

28. Add seventy thousand four hundred fifty-three, five 
million eight hundred six thousand twentj'-eight, eighty 
million ninetj'-seven thousand nine, and twenty-five million 
seven hundred thousand. Sum, 111673490. 

29. What is the sum of 81 million 80, 67 thousand 80, 
46 hundred 80, forty-six, 90 million 90 thousand, 900 mil- 
lion 900 thousand? 

30. Find the sum of 200 million 302 thousand, 200 thou- 
sand two hundred, 50 million 50 thousand 50, 25 million 
860 thousand, 47 million 467 thousand, 202 million 63 hun- 
dred 67. 

31. Add 41 million 278 thousand, 57 million 208 hundred, 
50 hundred-thousand, 25 ten-thousand and 42, 600 hundred 
and 20, 500 tens and 5 units. 



32 FUNDAMENTAL BULBS, 

Applications.^ 

MENTAL EXERCISES. 

1. Harry had 7 books, and his father gave him 4 more. 
How many books had he then ? 

Solution. — If Harry had 7 books, and his father gave him 4 
more, he then had the sum of 7 books and 4 books, which is 11 
books. 

2. If James rode 8 miles and walked 3, how far did he 
travel in all? 

3. A merchant sold from a piece of cloth 2 j^ards at one 
time, 3 3"ards at another, and 6 yards at another. How 
much did he sell from the piece in all? 

4. Jane is 7 3'ears old, and her brother George is 6 years 

older than she is. How old is George? 

Solution. — If Jane is 7 years old, and Geoi^e is 6 years older 
than she, George's age is 7 + 6, or 13 years. 

[Note. — Avoid stereotyped forms of solution.] 

5. A farmer had 13 head of cattle, and bought 8 more. 
How many had he then? 

6. Mr. A. had 37 sheep ; Mr. B. had 9 more than Mr. A. 
How many had Mr. B. ? 

7. Henry earned 37 cents on Monday, 28 cents on Tues- 
day, 56 cents on Wednesday, 48 cents on Thursday, was idle 
Friday, and earned 19 cents on Saturday. How much, did 
he earn during the week ? 

8. Mr. Jones bought a horse for 250 dollars, and sold it 
for 37 dollars more than he gave for it. For how much did 
he sell it? 

9. James bought an orange for 8 cents, and a melon for 
5 cents more than the orange cost. How much did he pay 
for both ? 

^ In such exercises as the following, the main pnrpose is, not to give practice in 
adding, but to develop the ability to see when and why we must add ; i.e., to notice 
what operations the conditions of a problem require. Let this be remembered in 
class explanation, and a good form of solution be always required. 
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10. There are 6 boys and 3 girls in one class, and 7 girls 
and 4 boys in another class. How man}'' pupils are there in 
both classes ? 

11. John bought a knife for 23 cents, and sold it for 3 
cents more than he gave for it. How much did he receive 
for it? 

12. There are 30 days in June, and 31 each in July and 
August. How many days in these three summer months ? 

13. Henry gave 85 cents for a sled, and 9 cents more for 
a pair of skates than for the sled. How much did the skates 
cost him ? 

14. There are 7 daj's in a week. In July there are 4 
weeks and 3 days. How many days in July? 

15. John bought some nuts for 37 cents, and some flowers 
for 8 cents. He sold the nuts for 5 cents more than they 
cost him, and sold the flowers for 6 cents. How much did 
he receive for the nuts and the flowers ? 

16. Henry bought 2 tops for 7 cents each, and sold one for 
2 cents more than it cost him, and the other for 3 cents more 
than he sold this. How much did he receive for the tops? 

17. Mary bought a paper of needles for 6 cents, a comb 
for 18 cents, and had 8 cents left. How much did she spend 
for the comb and needles ? 

18. John attended school 27 daj^s, staid out and worked 8 
da3's, was sick 9 days, and played truant 7 days. How many 
days was he out of school ? 

19. 4 boys had 7 marbles each, 2 had 3 each, and one had 
8. How many marbles had the 7 bo3"s? 

20. If it is 2 feet from the ground to the top of the foun- 
dation of my house, and the first story is 11 feet, the second 
10, the ridge of the roof 8 feet above the upper ceiling, the 
chimney top 4 feet above the ridge, and the lightning-rod 
extends 3 feet above the chimney, how high is the top of the 
lightning-rod above the ground? 
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Tfritten J^xercises. 

21. A farmer has 47 acres in wheat, 36 in corn, 52 meadow- 
land, 18 in oats ; his house and barn yards and garden contain 
2 acres ; he has 43 acres of pasture, 1 7 acres occupied as an 
orchard and with vegetables, and 81 acres of woodland. 
How many acres in his farm ? 

22. A farmer's stock consists of 27 cattle, 126 sheep, 7 
horses, and 15 hogs. How many animals has he in all? 

23. It is 30 miles from Detroit to Ypsilanti, 8 miles from 
Ypsilanti to Ann Arbor, 38 miles from Ann Arbor to Jack- 
son, 20 miles from Jackson to Albion, 12 miles from Albion 
to Marshall, 13 miles from Marshall to Battle Creek, 23 miles 
from Battle Creek to Kalamazoo, 47 miles from Kalamazoo 
to Niles, 37 miles from Niles to Michigan City, and 56 miles 
from Michigan Cit}'^ to Chicago, — these places occurring in 
order along the Michigan Central Railroad. How far is it 
from Detroit to Chicago ? 

How far from Ann Arbor to Kalamazoo ? 
How far from Ypsilanti to Jackson ? 
How far from Jackson to Niles? 

24. In a certain house there were 2 parlors, one of which 
required 37 j-ards of carpeting, and the other 42 j-ards ; a 
sitting-room requiring 28 yai*ds, 2 bed-rooms requiring 16 
yards- each, and 2 other bed-rooms requiring 12 yards each. 
How much carpeting was required for all these rooms? 

25. A drover paid 17428 dollars for 530 head of cattle, 
7689 dollars for 125 head, and 63850 for 1225 head. How 
much did he pay for all ? How many cattle did he buy ? 

26. A gentleman is 15 j-ears older than his wife, and she 
is 20 years older than their eldest son, who is 29 years of 
age. Required the gentleman's age, and the age of his wife. 

Ans. — The gentleman's age is 64 years ; his wife's, 49. 
21. A farmer bought three plantations for 3750 dollars 
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each, and sold them again so as to make 1000 dollars on the 
whole. For what sum did he sell the three? Ans., 12250. 

28. Several persons contributed towards the establish- 
ment of a library. A gave 200 dollars, and B 50 dollars 
more than A ; C gave 300 dollars, and D 25 dollars more 
than C. What was the whole amount contributed ? 

Ans., 1075 dollars. 

29. At the battle of Moscow there were 13000 Russians 
killed, 5000 taken prisoners, about 27000 wounded, and 40 
generals either killed, wounded, or taken prisoners ; 2500 of 
NaiK)leon's army were killed, 7500 wounded, and 15 generals 
either killed or wounded. What was the total loss? 

Ans., 55055. 

30. At the battle of Waterloo the French lost 40000 men, 
the Prussians 38000, the Belgians and Dutch 8000, the Hano-- 
verians 3500, and the English about 12000. How many men 
were killed in all? 

31. A merchant bought cloth for 375 dollars, and silk for 
95 dollars. In selling he gained 50 dollars on the cloth, and 
45 dollars on the silk. For what sum did he sell the whole? 

Ans., 565 dollars. 

32. A provision-dealer bought a load of potatoes in the 
morning containing 48 bushels, out of which he sold 12 bush- 
els to one man, and 5 to another. He then bought a load of 
37 bushels, and put them in with what were left of the former 
load. After this he sold to one man 7 bushels, to another 
16, and to another 8. Finally he bought 63 bushels, and 
put them into the same bin with the others. How many 
potatoes did he bu}' ? How many did he sell ? 

33. The mariner's compass was invented in China 1120 
years before Christ; America was discovered by Columbus 
1492 years after Christ ; and steam was first applied by Ful- 
ton to propelling boats 315 years after the discovery of 
America. How many years after the invention of the mari' 
ner's compass was steam first ap\)lied to \>YO\>fe\Y\v\^\jo«cW^- 
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Federal Money* 

40. Federal Money is the money of the United States. 
It is commonly reckoned in Dollars and Cents. 

41. One hundred cents make a dollar. 

42. In writing dollars and cents together in one number, 
the cents are written at the right of the dollars, and a . called 
a Decimal Point is placed between them. 

43. There must always be two places allowed for cents, 
so that if the cents are less than 10 a must be placed in the 
left-hand place, or just after the decimal point. 

44. The character $ indicates dollars. 

45. In adding Federal money, the numbers are written so 
that the decimal points all fall in the same column. The 
adding is the same as in common addition, and the decimal 
point in the sum is placed under that in the numbers added. 

1. Write and add 12 dollars 57 cents, $8 nine $12.57 
cents, five dollars, one hundred dollars 50 cents, ^-^ 
and $40.17. looiso 

2. Bought a barrel of flour for $6.50, a quarter -^1 
of beef for $18.57, a load of wood for $5.25, and ^^^'^ 

a ton of hay for $11. What did all cost? Ans., $41.32. 

3. What is the sum of thirt}' dollars and fifteen cents, eight 
dollars and seven cents, three hundred and fifty dollars, two 
hundred dollars and seventy cents, eighty-five cents, ten dol- 
lars and tliree cents, and twentj^-seven dollars and sixtj -four 
cents ? 

4. A gentleman bought in the market one morning as fol- 
lows : Two pounds of butter, $0.50 ; three pounds of tender- 
loin, $0.60 ; one quart of new potatoes, $0.25 ; 5 pounds of 
sweet ix)tatoes, $0.50 ; a bunch of radishes, $0.10 ; two quarts 
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of strawberries, $0.60. How much did his marketing come 
to? Ans., $2.55. 

5. A lady bought of a grocer three pounds of raisins for 
$0.75, fifteen pounds of sugar for $1.50, one pound of tea 
for $1.00, a jar of pickles for $0.75, two pounds of starch 
for $0.25. How much did the lady expend in all? 

Aks., $4.25. 

6. A little girl bought a jumping-rope for $0.20, a doll for 
$3.50, a story-book for $0.50, a tea-set for $1.50, and a box 
of dominoes for $1.75. How much did all tlie playthings 
cost? Ans., $7.45. 

7. A lady went to a dry-goods store and purchased sixteen 
yaixis of calico for $2.00, twelve jards of domestic for $3.00, 
six spools of thread for $0.60, four papers of needles for 
$0.25, four bunches of tape for $0.60, three dozen i^earl 
buttons for $0.45. How much did all the articles cost? 

Ans., $6.90. 

8. A boy bought eight oranges for $0.45, a pound of candy 
for $0.25, four lemons for $0.20, half a bushel of apples for 
$0.30, and a pound of almonds for $0.50. How much did all 
cost? Ans., $1.70. 

9. A lady went to a drug-store and bought one bottle of 
hair-oil for $1.00; six cakes of toilet-soap, $1.50; a bottle 
of cologne, $2.00 ; a comb, $0.75 ; a tooth-brush, $0.40 ; 
two ounces of arnica, $0.20. How much did all cost? 

Ans., $5.85. 

10. Add 12 dollars 8 cents, 1 dollar 25 cents, 3 dollars 7 
cents, thirty cents, seventj^-five cents, 9 cents, eight dollars, 
7 dollars 2 cents, 15 dollars ten cents, nine dollars 2 cents, 
47 cents, one dollar eighteen cents, 5 dollars three cents, 2 
dollars, 11 dollars, 37 cents, 7 cents, 3 dollars 4 cents, and 
25 dollars sixty cents. 

11. Find the sum of $7.48, $13.42, $87, $150 and 6 cents, 
39 dollars and 70 cents, $520 and 8 cents, $7 and fott^ ^<«v\.^., 
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eighty cents, $90.18, $400, $376, 78 doBars and tw^ty-seven 
cents, $150.50, $11.21, $5.60, $13,20, $0.96, $420, $34.81, 
$57.83, forty cents, nine cents, $5.73, $340.18, $67, $41.20, 
$16.85, $158.47, $340, $18.50, and $200 and four cents. 

Accountants are required to add long colamns of figures 
with rapidity and accuracy. The following are specimens. 
Let them be added with care. 



12. 


13. 


14. 


$Ct8. 


$ cts. 


$ cts. 


8.37 


.78 


673.28 


4.33 


.47 


597.84 


7.62 


.53 


3426.87 


.48- 


2.75 


219.48 


.97 


1.20 


8.37 


2.50 


4.37 


167.84 


6.19 


8.29 


5986.32 


10.00' 


13.85 


6749.31 


4.28 


2.00 


4863.27 


8.07 


.62 


7542.35 


4.37 


.25 


2986.28 


9.48 


1.37 


379.87 


4.^1 


9.83 


2.5^ 


13.26 


6.75 


69.80 


1.20 


8.43 


4060.75 


.57 


20.48 


309.71 


8.08 


6.00 


124.87 


4.96 


1.00 


8520.00 


.85 


1.50 


2493.28 


4.00 


7.69 


48.75 



15. A quarter of a dollar is 25 cents, and a half-dollar is 
50 cents. What part of a dollar is 2 quarters ? 3 quarter- 
dollars make how many cents? 3 quarters and 3 haUres? 
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16. A drover bought 4 horees, paying for one $175; for 
two, $160 each ; and for the other, $97. He sold them so 
as to make by the bargain as much as the cheapest and most 
expensive horses cost him. How much did he receive for 
all? 

17. A merchant bought 5 pieces of cloth: 2 for $37.75 
each, 1 for $7.93, and the other 2 for $11.25 and $13 re- 
spectively. He sold the first three pieces at a profit of $3.25 
each; the fourth he sold for $11, and the fifth for $9.75. 
How much did he receive for all ? 

18. Mr. A. Mred 4 men by the month. To the first he 
agreed to pay $17.50 per month ; to th^ second and thirds 
$3.25 each per month more than to the first; and to the 
fourth, as much as to the first and second. What would be 
the amount of 2 months' wages for the 4 mea? 



46. Making Change. 

1. Having, bought 37 cents* worth of goods, I hand the 
clerk a $2 bill. How will he count the change due me? 

Ans. — He will say " 37," and, laying out 3c., say " 40." Then he 
wiU lay out a 10c. piece, and say '^50;" then a 50c. piece, and say 
''$!;" and then a dollar bill, and say ''$2." Thus he counts on to 
the amount to be taken out by filling out*the eyen parts of a dollar, 
and then counting on the remaining dollar, 

2. Having quarter-dollars and $1 bills, how will the change 
for $1.25 be counted out of $5? How? if I have only 5c., 
10c. , and $1 pieces? 

Ans. to Last. " $1.25, 30, 40, 50, 60, 70, 80, 90, $2, $3, $4, $5." 
The pieces handed out being one 5c., ^eoen 10c. pieces, and three $1 
bills. 

3. Having Ic, 2c., 5c., and half-dollar pieces, how wiU the 
change for 27c. be counted out of $1 ? What pieces will be 
given? 
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Ans. — The pieces given will be one Ic, <me 2c., four 6c., and one 
50c. The counting will be, " 27, 28, 30, 35, 40, 45, 50, $1." 

4. Having $5, $2, and $1 bills, and Ic, 5c., and quarter- 
dollar pieces, how will the change for $2.13 be counted out 
ofaSlObill? 

5. Having Ic, 10c. , and 25c. pieces, how will the change 
for 7c. be counted out of a 50c. piece ? 

6. Having 2c., 3c., 10c. , and 50c. pieces, and $1, $2, and 
$10 bills, how will the change for $3.17 be counted out of a 
$20 bill? 

Ans. "$3.17, 20, 30, 40, 50, $4, $6, $8, $10, $20;" the pieces given 
hi change being one 3c., three 10c., one 50c., three $2 bills, and one 
$10 bill. 

7. With the same pieces as in the last, how will the change 
be made for $11.26 out of a $50 bill? 

8. With Ic, 2c., and 10c. pieces, how will the change for 
15c. be made out of 50c. ? How 45c out of $1 ? How 8c. 
out of 25c. ? 

9. With Ic, 2c, 10c, and 25c. pieces, and $2 bills, how 
will the change for 62c. be made out of a $5 bUl? 

The counting is, "62, 63, 65, 75, $1, $3, $5." 
The pieces used are one Ic, one 2c., one 10c., one 25c., and two $2 
bills. 

10. With Ic, 10c. , and 50c. pieces, how will the change 
be made for 32c. out of a $2 bill? How for 37c. ? How for 
12c out of a $1 bill? 

11. With quarters, 10c, and Ic pieces, how will the 
change for 37c be counted out of $1 ? How for 16c. ? For 
52c.? For 45c.? For 23c? For 81c.? For 47c? 

12. With $1 and $5 bills, and half-dollars', lOc, 5c, and 
Ic pieces, how will the change for $2.36 be counted out of 
a$20bm? For $7.13? For $11.51? 




SECTION V. 



47 f Subtrcwtioii is a process of taking one number from 
(i.e., out of) another. 

The number to be subtracted is called the Subtrahend. 

The number from which the Subtrahend is to be taken is 
called the Minuend. 

What is left of the Minuend after the Subtrahend has been 
taken out is called the Remainder. 

48. The sign — is called minus^ and indicates that ' the 
number after it is to be subtracted from the number before 
it ; thus 11 — 6 means that 6 is to be subtracted from 11. 

This sign is read minus^ which means less ; so that 11 — 6 
is read "11 minus 6." 

1. What is 9 —4? 

What number with 4 makes 9 ? 

2. Whatis7 — 5? Why? 

Ans., 7 — 5 is 2, because 5 + 2 = 7. 

3. T\Tiat is 15 — 8 ? Why ? What is 16 — 7 ? Why ? 

4. If 3 is one of two parts of 11, what is the other? 
11 — 3 = what? 

5. If 7 is one of two parts of 15, what is the other? 
15 — 7 = what? 

Three dots placed thus .*. are read " therefore.'* 

6. Copy on your slate and till out the table on the follow- 
ing page : — \\ 
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49. 



SUBTRACTION TABLE. 



When 1 18 

1 + 1 = - 

2 + 1=- 

3 + 1=- 

4 + 1 = — 

5 + 1=- 

6 + 1 = — 

7 + 1=- 

8 + 1=- 



18 one part 


• 


..-. 2-] 




. i 3 — 1 


[ — 


. . - 3_ s 




. i 4- 1 


[■ = . 


• • • 4 — J 




. J ft-1 


[ — 


• • • 6 — 4 




. 1 6-] 




• • •( 6-1 




. 1 7-] 




• • •} 7-( 




..••11 = ? 


L 8= . 




. j 9-1 




• • •( 9-J 


I = . 


. UO — ] 




• • • } 10 — J 





When 2 is one part. 



2 -f 2 =x — 

3 -f- 2 = — 

4 + 2 = — 

5 + 2 = — 

6 + 2 = — 

8 + 2 = — 

9 + 2 = — 



j 4 — 2 

(6 — 2 
{6-3 



S &— 2 =s 
( 6 — 4 = 

i 7 — 2 = 
} 7-5 = 

( 8 — 2 = 
{ S — & =?: 

( 10 — 2 = 
( 10 — 8 = 

J 11 — 2 = 
j 11 — 9 = 



8 + 3 = — 

9 + 3 = -. 



6 — 3 = 



When 3 is one i)art. 
8 + 3 = — 

4 + 3 = — 

5 + 3= — 

6 + 3 = — 

7 + 3 = — 



7 — 3 

7 — 4 

— 3 
5 

— 3 
6 



11 = 

I 10 — 3 = 
i 10 — 7 = 

J 11 — 3 = 
} 11 — 8 = 

(12 — 3 =s 
J 12 — 9 = 



WJien 4 is one part. 



4 + 4— . .' 


.j 8-4 = . 


5 + 4— . .- 


. } 9 - 4 = . 

• 9 — 6 = . 


6 + 4— . .• 


10 — 4 = . 

• 10 — 6 = . 


7 + 4 -..• 


i 11 — 4 = . 

• i 11 — 7 = . 


8 + 4— . .• 


12 — 4 = . 

• 12 — 8 = . 


9 + 4— . .• 


13 — 4 = . 

• 13 — 9 = . 


When Sis 


one parL 


5 + 5— . ." 


• . 10 — 6 = . 


6 + 5 — — . .' 


, (11-6= . 

• 11 6 -^ 


7 + 5— . .' 


, ( 12 — 6 = . 

• j 12 — 7 = . 


8 + 5— . .- 


. ( 13 — 6 = . 

• 13 — 8 = . 


9 + 5 = ~. .' 


14 — 5 = . 

• } 14 — 9 = . 


When 6 is 


one part, . 


6 + 6— . . 


•. 12-6 = . 


7 + 6— . . 


, 13 — 6 = . 

• 13 — 7 = . 


8 + 6 =£ ■^. ." 


, ( 14 — 6 = . 

• ( 14 — 8 = . 


9+6= .. 


, 16 — 6 17 . 

• 15 — 9 = . 


When 7 is 


one part 


7 + 7— . . 


'.|l4 — 7 = . 


8 + 7--.. 


. 15 — 7 = . 

• i U — 8 = • 


9 + 7 = — . . 


, 1 16 — 7 = . 

• he — 9 = . 


When 8 is 


one part. 


8 + 8— . • 


'. 16 — 8 = . 


9 + 8= . . 


. 17 — 8 = 

• 17 — « = . 


9 + 9— . . 


•. 18-9 = . 
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1. Take 425 from 768. 

Suggestions. — As we want to take units from units, tens from 
tens, and hundreds from hundreds, if we carit it will be con- 
venient to write the numbers so that the orders of the sub- [^ 

425 
trahend shall fall under the corresponding orders of the 

minuend. 

Will it make any difference in this ca^e wbetheF we subti^act the 4 
hundreds first, or the 2 tens, or the 5 units ? 

5 units from 8 units leave how many units ? 

2 tens from 6 tens leave how many tens ? 

4 hundTeds from 7 hundreds leave how many hcuBdreds 9^ 

Thfin 425 from 768 leaves how many ? 

2. From 856 take a24. From 743 take $3a> 

3. From 9872 take 5040. From 80460 take 3000. 

4. From 3739 take 516. From 7892 take 321. 

SuoGEBTioNS. -n After we have subtracted tl^e 6 units oi^og j^i^ 
from the 9 units, the 1 ten from the 3 tens, and the 5 5^5 ^i^^^ 
hundreds from the 7 hundreds, there is nothing to take 
from the 3 U^ouaands: henc€ 3 thousands rexaain. 



3223 Rem. 



5. From 562 take 237. 

Suggestions.-!- Write the numbers as heretofore. How can we 
take the 7 units from the 562 ? I][ow many units are there in 
the units o^-der of 562? If we take one of th^ 6. tens, ho\F ^ 

many units will it ma]ke together with the 2 units ? Now, 

taking 7 units from 12, how maay remain ? Again, how 325 
many tens were we to subtract ? How many have we left 
from which to take the 3 tens ? Why only 5 tens ? 3 t^ns from 5 tens 
l^ave how many tens ? What remains to be takeu out ? ^ hundreds 
from 5 hundreds leave how many ? 

B. From 4327 take 1563. From 58546 take 7364. 

Suggestion. — ^^When ia this es^ample we come to subtract the 
3 hundreds from the 4 hundreds (one hundred having been 
taken from the 5 in order that w« might subtract the 6 ^^^ 
tens), we find 1 hundred left. Now, instead of thinking of 
the 5 hundreds as diminished by 1, suppose we had added 46172 
1 to the 3 hundreds, and then taken 4 huoidredA from 5 hun- 
dreds: would the result have been different ? 
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Cfeneral Rule far Stihtraction* 

50. Riile. — I. Write the subtrahend under the minuend^ 
so that each figure shall fall under one of the same order in 
the minuend. 

II. Begin the work of subtraction with units^ and subtract 
each figure in the subtrahend from the one directly over it. 

III. When tJie figure in the subtrahend exceeds in value 
the one over itj add 10 to the upper ^ and tJien subtract. 
Having done this^ consider the next digit in the minuend as 
diminished by l,or the next in the subtrahend as increased by 
i, and then proceed with the subtraction. 

Reasons. — The reason for writing units under units, tens under 
tens, etc., is that we can take units from units only, tens from tens, 
etc., and by placing them thus we can see at a glance how many there 
are in the minuend of the particular order which we are subtracting. 
There is no reason, except custom, for putting the subtrahend under 
the minuend. It is of ten more convenient to put it above. 

The reason for beginning the subtraction with the units, and pro- 
ceeding in succession through the higher orders, is, that we may have 
to go over our work but once. Thus, in taking 158 from 473, 
if we take out the 1 hundred and the 5 tens before we do the 473 
8 units, we shall have 3 hundreds and 2 tens left; and, hav- 15? 
ing written these in their places, we would have to take 1 of 3jZ 
the 2 tens to put with the 3 units, in oixler to be able to _1^ 
get the 8 units out. This would oblige us to change the 315 
2 tens to 1 ten. 

When a figure in the subtrahend exceeds in value the one over it, 
we have to take 1 of the next higher order of which there are any in 
the minuend, in order that we may be able to take out the number 
required. This, of course, diminishes this next figure by 1, which we 
must not forget when we subtract the next figure. But, as it would 
leave the same remainder to add 1 to the next lower figure as to sub^ 
tract one from the upper, we may do the latter, instead of the former, 
if we choose. 

-Ear. —From 5426 take 2834. 
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Explanation. — We write the subtrahend, 2834, under fokm of 
the minuend, 5426, because it is customary to do so. opkbation. 

We put units under units, tens under tens, etc., because 5426 

we can take units from units only, tens from tens only, etc. 2834 

Now, 4 units from 6 units leave 2 units. 

2592 
As we cannot take 3 tens from 2 tens, we take one of the 

4 hundreds, which is 10 tens, and the 2 tens make 12 tens. Now, 
3 tens from 12 tens leave 9 tens. 

8 hundreds we cannot take from 3 hundreds: so we take 1 of the 

5 thousands, which makes 10 hundreds, and, adding it to the 3 hun- 
dreds, have 13 hundreds. 8 himdreds from 13 hundreds leave 5 hun- 
dreds. 

Finally, 2 thousands from 4 thousands leave 2 thousands. 

61« Note. — When a figure in the minuend is less than the cor- 
responding one in the subtrahend, most people simply call the upper 
figure 10 more, and, having subtracted, add 1 to the next higher figure 
in the subtrahend. Then, when they subtract this increased figure, 
they take the 1 out of the corresponding order in the minuend. 



Examples for Practice. 

1. What is 856432—648571? 32564 — 1768? 

2. From 205643 take 32589. From 70542 take 30256. 

3. From 72382 take 165. From 46537 take 2006. 

4. From 523654 take 82465. From 10125 take 908. 

5. From 132406 take 65348. From 2007 take 407. 

6. From 34652 take 15836. From 548300 take 83. 

7. From 82654 take 34271. From 8001 take 750. 

8. From 10000 take 546. From 1000 take 999. 

9. Minuend, 78206 ; subtrahend, 35264. What is the re- 
mainder ? 

10.. Subtrahend, 10956; minuend, 235043. What is the 
remainder ? 

11. What is 564023—234560? 782005—12758? 

12. What is 30012 — 15461? 65430 — 718? 

13. Subtract 5056 from 100000. From 601 take 307. 
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14. Take 3 fhMn 1000. Take 208 from 10000. 

15. From 7003 subtract 1815. From 8111 subtract 88. 

16. From 15 thousand 5 hundred seventy-six take 8 thou- 
sand eight. 

17. From 2 million take 50 thousand. 

18. From 3 hundred thousand five hundred take 27 thou- 
sand sixty-six. 

19. From 65 million take 650 thousand 980. 

20. From 9 hundred thousand take 5 hundred and 50. 

21. From 1 million take 960 thousand. 

22. From 460 million take 920 thousand 750, 

23. From 640 thousand take 14. 



Federal Money* 

52. In order to subtract Federal money, we have to 
remember that the two orders ftt the right of doUara are cents, 
and that both places must always be filled. Write the num- 
bers for subtraction the same as in addition, so that the deci- 
mal uoints shall fall in the same column. 

1. From $15.25 take $9.75. 

2. Subtract $38 and 7 cents from $100 and 4 cents. 

Rem., 862.03. 

3. Take seventeen dollars and six cents from eighty ^onc 
dollars and seventy- cents. 

4. From thirty-six dollars take $8 and 9 cents. 

5. From $1 take 37 cents. 

6. From $5 take $1 and 20 cents. 

7. Take 87 cents from $2.. 

8. Subtract $5 and 67 cents from $10. 

9. From $5 take $3 and 35 cents. 
10. From $20 tako $11.42. 
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JPraof of Subtraction. 

1. If one part of 13 is 7, what is the other part? 

2. A man has a farm of 400 acres. Part is woodland, and 
part is cultivated. The former part is 126 acres. How much 
is the latter? 

3. If the remainder is what is left of the minuend after 
taking the subtrahend out, what do the remainder and subtra- 
hend, when added together, make? 

4. As the remainder is one part of the minuend, and the 
subtrahend the other, what will you obtain by taking the 
remainder out of the minuend ? 

53« Any device by which we may test the accuracy of an 
operation in arithmetic by some other operation is called a 
Proof of the work. 

64. To prove mbtraction^ add the remainder to the subtra- 
hend; and J if the work is rights the sum will equal the minu- 
end. 

Or take the remainder fi^om the minuend; and^ if the work 
is rigJU^ what is left will be equal to the subtrahend. 

[The pupil should give the reasons.] 

4 to 7. Solve the following examples, and prove them in 
both the above ways : — 

(4) (5) (6) (7) 

528643 500608 182005 517000 

216805 23471 37050 134056 

^Applications, 

1. Harry had 8 rabbits, and sold 5 of them. How many 
had he left? 

If Harry had 8 rabbits, and sold 5 of them, he had i^emaining 8 — 5, 
or 3 rabbits. 
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2. There were 11 eggs in the nest, and Mary took out 7. 
How many remained ? 

3. A faimer raised 347 bushels of i^otatoes, and, selling 259 
bushels, reserved the remainder for his own dise. How many 
bushels did he reserve ? 

4. If I boiTOW 17 dollars, and afterwai*d pay 9 dollars on 
the debt, how much do I still owe ? ^ 

5. A well was sunk through sand and clay to the depth of 
30 feet. 6 feet was sand. How much was clay? 

6. A drover left Texas with 2782 head of cattle. On the 
way to Chicago 547 of them died. How many remained? 

7. A person on a journey of 735 miles has travelled 93 
miles of the distance. What distance has he yet to travel? 

8. From a farm which contained 2350 acres, 1234 acres 
were sold. How many acres remained? 

9. A young man received from his father $5325, of which 
he paid $2500 for a house. What remained? 

10. A merchant deposited $5800 in bank, but aftei'wards 
made a draft upon it for $3270. What sum remained? 

11. Suppose a farmer, who has 4000 bushels of wheat in 
his granary, should take out 2100 bushels to be sent to mar- 
ket. How many bushels would remain ? 



12. In one bunch there are 22 grapes, and in another 15. 
If 3'ou were to pick as many from the larger bunch as there 
are in the smaller, how many would remain? How many 
more are there in the larger bunch than in the smaller? 

What is the' D^erence between the number in the larger and that 
in the smaller ? 

55. The Difference between two numbers is what is left 
of tlie larger after the smaller is subtracted.^ If the numbers 
are equals there is no difference^ or the difference is 0, 

^ When the numbers are email, the slate should not be used. 
2 In a more enlarged sense, the difference between two numbers is. the number of 
vnftfi which lie between thom. Thus the difference between 2i> dogrcos north lati 
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IS. Jdhh is 15 years old, and Miu*}- is 9. Wliat Id tlio 
difference between their ages ? 

14. A merchant sold 25726 dollars' worth of goods one 
year, and 34718 dollars' worth the next. Wliat was the 
difference between the sales of the two years ? 

15. America was discovered in 1492, and the British Col- 
onies declared their independence in 1776. How long after 
the discovery before the Declaration of Independence ? 

16. Sir Isaac Newton was born in 1642, and died in 1727. 
How old wfts he ftt hid death? 

17. The telescope was invented in 1608, How man}- j-ears 
since that time ? 

18. Benjamin Franklin died in 1798, and was 84 ^^eai-s old 
at his death. When was he bom? 

19. The art of printing was invented in 1449. How many 
3'ears since its invention ? 

20. The area of the Chinese Empire is 4695334 squai*o 
miles, and of the United States is 8578392. How much 
greater is the Chinese £mpu*e than the United States ? 

21. If I buy a horse for 137 dollars, and sell it for 225 
dollars, how much more do I get for it than I paid ? 

56. When we sell an article for more than we paid, what 
we get for it more than what we paid is called Gain. If we 
sell it for less than we paid, what the selling price lacks of 
being as much as we paid is called Loss. 

22. John bought a sleigh for 87 cents, and sold it for 65 
cents. Did he gain, or lose ? How much ? 

23. Bought a cow for 58 dollars, and lost 17 dollars in sell- 
ing her. How much did I sell her for ? 

24. Bought a horse for 139 dollars, and sold it for 250 
dollars. Wliat was mj^ gain? 

25. Bought cloth for a coat which cost 17 dollare, and 

tode and 10 degrees soath latltade is 85 degrees. But the conception given in the 
text is as broad as is consistent with our present purpose. 



50 FUNDAMENTAL RULES. 

handed the salesman a oO-dollar bill. How much change 
must he give me ? 

26. If I buy a horse for $175, and sell it for $225, do I 
gain, or lose? How much? 



27. Bought 2 pieces of cloth for $112 each, and sold them 
for $320. Did I gain, or lose? How much? 

28. Bought 2 3'ards of cloth for $7 a 3'ard, and gaA^e the 
salesman a $20 bill. How much change must he give me ? 

29. How old is a man in 1875 who was born in 1832? 
One who was born in 1827? 

30. How long is it since the Declaration of Independence 
by the United States ? 

31. How old are 30U? From this how do you find in what 
year 30U were born ? 

32. It is now 8 o'clock in the morning. How long is it to 
noon? How long since 3 o'clock this morning? 

33. Borrowed of my neighbor at one time $175 ; at another, 
$340 ; and at another, $520. Having paid him $685, what 
balance have I yet to pa^-? Ans., $350. 

34. Put in stoi'e at one time 500 pounds of hemp; at 
another time, 3800 pounds ; and at another, 2005 pounds. 
Having withdrawn 3473 pounds, what quantity remains? 

35. A merchant bought flour at one time for $325, and at 
another time for $460. Having become damaged, the whole 
was sold at a loss of $184. For what sum was it sold? 

36. A man's annual income is $3700. His familj' expenses 
are $2500 ; and he bestows for benevolence $370 a jear, and 
invests the remainder. How much does he invest ? 

37. A man owed $2000, and he made 3 payments of $375, 
$580, and $260, respectively. How much remained unpaid? 



38. William has 75 cents more than James, and 125 cents 

less than Henry, who has 420 cents. What is the number of 

txnts which ihey all have? Ans., 935. 
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39. Jane went marketing with $10. She bought steak for 
62 cents, radishes for 10 cents, sugar for $1.10, eggs for 45 
cents, potatoes for 87 cents. How much money should she 
have had when she returned ? 

40. A coat that cost me $9.30 was sold for $15.87. How 
much did 1 gain? 

41. A coat that cost me $17.40 was sokl for $11.50. How 
much did I lose ? 

42. A horse that cost me $138 I sold so as to make $57.63. 
For how much did I sell it? 

43. I sold a horse for $391 .8L, and by so doing made $1 14. 
What did it cost? 

44. A man bought a village-lot for $347. After pajing 
$11.30 for taxes, he sold it so as to make $125.30. For how 
much did he sell it? 

45. Bought a horse, harness, and buggy for $254.50. Paid 
for repairs on the harness, $1.75 ; and on the bugg}^ $2.37. 
Sold the horse and harness for $175, and the buggy for $125. 
Did I gain, or lose? How much? 



46. The sum of 3 numbers is 5208. Two of the numbers 
are 1250 and 2340. What is the third? 

47. A man paid $5347 for a farm, implements, and stock. 
The implements cost $500 ; and the stock, $2100. What was 
the cost of the land ? 

48. The difference between two numbers is 117, and the 
less number is 375. What is the gi'eater? 

49. A gentleman bought a 1000-mile ticket on a railroad 
for the use of his wife, his daughter, his son, and himself. 
His wife rode 285 miles ; his daughter, 225 miles ; his son, 
235 miles ; and he himself rode the remainder. How many 
miles did the gentleman ride? 

50. How many years since Columbus discovered America 
in 1492 ? 
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SKCTIOSr VI. 

Ex. -^ If a man, in countii^ ^gs, takes from a basket 3 

eggs at a time, and takes 4 times, how many eggs has he? 

Ans., 12. 
In this example 3 is multiplied by 4, and 12 is the product. 
What number did the man take each time ? 
How many times did he take it ? 
What was the number he obtained by taking three 4 times ? 

57* Tlie number which is taken a certain number of timed 
is called the Multiplicand. 

The number which tells how many times the Multipltcand 
is to be taken is called the Miiltiplier. 

The number which tells how many a certain number of 
times a given number makes is called the Product. 

Thus, when I saj' '* 3 times 5 are 15,*' 5 is the MuHipli'- 
cand^ 3 is tlie Multiplier^ and 15 is the Product, 

58. The sign X is called the Sigrn of Multiplication. 
Thus 4X3 may be read " 4 tmies 3," or " 4 multiplied 
by 3," or "3 times 4.'* 

We may always find the product of one number by another by 
addition. Thus 4 times 3 is 3+3+3 + 3, or 12. But, when the 
multiplier is large, this would be very tedious. Thus, to find how 
many 782 times 3487 are, we should have to write 3487 no less than 782 
times, and then add! To obviate this, a plan has been devised of 
getting the product of any two numbers from a knowledge of the 
products of the digits. A table giving^ the product of each possible 
pair of the nine digits is called a Multiplication TaJble, This table 
J5 commonly extended to 12 X 12. 
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59. Multiplication is the process of finding the product 
of two numbers by means of a knowledge of the Multiplica- 
tion Table} 

Let the pupU fill out the following by Addition^ aa ex- 
plained above, in order that he may thorough!}' understand 
its nature : — 

60. ]lf^I.TIPI.IGATlON TABI.B. 



ix'i — 








1X2 — 


2X 2 






IX 3_ — 


2X 3 


3X 3 — 




IX 4_ — 


2X 4 — 


3X 4 — 


4X 4=— 


IX 5 


2X 5 = — 


3X 5 — 


4X 5 — 


1X6 — 


2X 6 — 


3X 6 — 


4X 6 — 


IX 7 — 


2X 7 — 


3X 7 = — 


4X 7 — 


1X8 — 


2X 8 — — 


3X 8 — — 


4X 8 — — 


IX 9 — — 


2X 9 — 


3X 9 = — 


4X 9 = — 


1 X 10 — — 


2X10 — 


3X10 — 


4X10 — 


1 xii— — 


2X11 


3X11= — 


4XU= — 


1 X 12 — — 


2X12 — 


3X12 = — 


4X12 — — 


5X 5 — 








5X 6 — 


6X 6 — 






3X 7 — 


6X 7 = — 


7X 7— — 




5X 8 — 


6X 8 — 


7x 8 — 


8X 8— 


5X 9 = — 


6X9 — 


7X 9 = — 


8X 9 — 


5X10 — 


6X10 — 


7X10 = — 


8X10 — 


5X11—— 


6X11 


7X11=— 


8X11 — 


5X12:^3— 


6X12 — 


7 X 12—= 


8X12 — 


9X 9 — 








9X10 — 


10X10 — 






9X11 = — 


10X11 — 


11X11 — 




9X12 — 


10X12 — — 


11X12 — — 


12X12 — 



^ It ia to be observed tbat there are three ways of finding bow many a certain 
number of times a given number makes; viz., by oounting, by adding, and by the 
process we call Multiplication. The Multiplication Table gives the product of each 
possible pair of the nine digits ; and it is using these facts so as to find the product of 
any two numbers that we call Multiplication. 

* Tliis may be read in every one of the ways indicated In (58). For the purpose 
of forrMng^ the tabU readily, the second number may be read as the multl^\i«t . T\i6 
pupil should understand that \t ia the same each way. 
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CONDENSED MULTIPLICATION TABLE. 

61« The following neat arrangement gives all the combina- 
tions between 2 times 2 and 9 times 9. It will be seen that 
there are but 36 in all, and only 31 different products. This 
is one of the most rational forms in which to have these prod- 
ucts learned. (See Manual, and also foot-note, p. 25.) 



2X2—4 


3 X 6 — 18 


6 X 6 — 36 


2 X 3 =;: 6 


4 X 5 — 20 


5 X 8 — 40 


2X4—8 


3 X 7 — 21 


6 X 7 — 42 


3X3=9 


3 X 8 — 24 


5 X 9 — 45 


2 X 5 — 10 


4 X 6 — 24 


6 X 8 — 48 


2 X 6 = 12 


5 X 5 — 25 


7 X 7 — 49 


3 X 4 — 12 


3 X 9 — 27 


6 X 9 — 54 


2 X 7 — 14 


4 X 7 — 28 


7 X 8 — 56 


3 X 5 — 15 


5 X 6 — 30 


7 X 9 — 63 


2 X 8 — 16 


4 X 8 — 32 


8 X 8 — 64 


4 X 4 — 16 


5 X 7 — 35 


8 X 9 — 72 


2 X 9 = 18 


4 X 9 — 36 


9 X 9 — 81 



62. The Factors of a number are those numbers which, 
multiplied together, produce it. Thus 2 and 3 are the factors 
of 6, because 2X3 = 6. 

1 . Of what number are 5 and 3 the factors ? 7 and 2 ? 

2. What are the factors of 8 ? Of 10 ? 12 ? 9 ? 6 ? 18 ? 

3. If 3 is one of the factors of 12, what is the other? 

3 times what number makes 12? 

4. If 4 is one of the factors of 28, what is the other? 

4 times what number makes 28 ? 

63. Principle. — The product of two factors is the same, 
whicliever is considered the multiplier. Thus 4 times 3 gives 
the same product as 3 times 4. 

Hence, when the pupil has learned the above table, he knows the 
product of any two digits, whichever be taken as the multiplier. 
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To Multiply when the Multiplier is represented by 

One Figure* 

64, Rule. — Write the multiplier under the units figure 
of the multiplicand^ and, beginning with the units, multiply 
ea>ch figure of the multiplicand successively by the multiplier, 
carrying as in addition. 

Reasons.^ — There is no reason except custom for writing the 
multiplier under the multiplicand. It would be just as well to write 
it over. We do, however, want them so near each other that we can 
see them both at a glance ; and so it is convenient to write one of 
them under the other. 

It is not necessary that the multiplier be written under the units 
of the multiplicand. 

The process of multiplying gives the correct product, because we 
multiply all the parts of the multiplicand by the multiplier, and add 
the resulting products. 

We begin at units to multiply, because, by multiplying the lower 
orders first, we can discern how many the product of any lower order 
by the multiplier will make of the next higher order, and thus add it 
in as we go along, and not have to change our work. 

Ex. 1.— Multiply 347 by 6. 

Explanation. — We write the multiplier, 6, under the opkkation. 
units of the multiplicand, 347, simply as matter of custom. 347 

6 times 7 units are 42, or 4 tens and 2 units. We hence ^ 

write the two units in units' place in the product, and 2082 
reserve the 4 tens to be added to the tens of the product. 

6 times 4 tens are 24 tens ; and the 4 tens we had to carry make 28 
tens in all, or 2 hundreds and 8 tens. Hence we write the 8 tens in 
tens' place in the product, and reserve the 2 hundreds to be added to 
the hundreds of the product. 

6 times 3 hundreds are 18 hundreds; to which adding the 2 hun- 
dreds we had to carry makes 20 hundreds. As this completes the 
multiplication, we write the 20 hundreds. 

Thus we have taken 6 times 7 units, 4 tens, and 3 hundreds, which 
is 347, and find that the product is 2082. 

1 If preferred by the teacher, these condensed statements of TeiuM>ns may be 
omitted on first going over the subject, and taken In review. 



§6 



FUia)AMB^TAL RULES. 



2. Multiply 

3. Multiply 

4. Multiply 

5. Multiply 

6. Multiply 

7. Multiply 
$. M;ultiply 
9. Iklultiply 

10. Multiply 

11. Multiply 

12. Multiply 

13. Multiply 

14. Multiply 

15. Multiply 

16. Multiply 

17. Multiply 

18. Multiply 



j^xamples /br practice. 

811 by 3. Prod. 

923 by 5. Prod. 

1816 by 4. Prod. 

3061 by 7. Prod. 

763 by 8. Prod. 

1412 by 6. Prod. 

769 by 6. Prod. 

350X by 5, Prod. 

7108 by % P«oi>. 

3009 by 8. Prod. 



2433. 

4615. 

7264. 
21427. 

6104. 

8472. 

4614. 
17505. 
49756. 
24072. 



5428 by 3. By 5. By 7. By 9. 
308057 by 6, By 4, By 2. By 8. 
78500079 by 3. By 7. By 4. By 6. 
1080808 by 9. By 8. By 7. By 5. 
809075 by 6. By 4. By 8. By 3. 
7898763 by 2. By 4. By 7. By 9. 
678954321, by each of IJie ni»e digits. 



To MtUHply when the MuUiplier is represented hy If 
wW^ any number of O's annexed. 

65. Bute. — Annex as rwny 0^8 to the mvUiplicand aa 
there are in the multiplier, 

Ex. 1. — Multiply 785 by 10. 

ExPLAJTATiON. — We mulUply 785 by 10 by simply annexing one 
0, and tiie product is 7850. 

The reason that this multiplies 785 hy 10 is, that it removes each 
%ure in 785 to the next higher order, thus making it represent 10 
times as much as it did before. 

2. Multiply 84 by 100. Prod., 8400. 

Queries. — What was the 4 in the multiplicand ? What is it in 
the product ? How many times as much does the 4 in the product 
iiepresent as it did in the multiplier ? 
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What was the 8 in the multiplicand ? What is it in the product ? 
8 thousands is how many times 8 tens ? 

3. Multiply 183 by 10. By 100. By 1000. 

4. Multiply 7846 by 100. By 1000. By 10000. 

5. Multiply 64834, 583, 17, 5, each by 10. 

6. Multiply 8, 70, 600, 4, 108, each by 100. 



To Multiply by using the FoAstMrs of the MtUUplier. 

66. Principle. — One number may be multiplied by another 
by muUiji^ying succeasively by aU the factors, of the multipUer; 
th<U i>, by multiplying Hie multiplicand by one^ of the factors^ 
and this product by another, and so on. 

Ex. 1. — Multiply 27 by 1.5 by multipl3ing successively by 
the factors of 15. 

Opxbation. 

5 
5 times 27 is 185 

a 

3 times 5 times or 15 times 27 is . 405 

QuEBiES. — How many times a number are 4 times 3 times the 
number? How many times a number are 5 times 7 times ? 

2. Multiply 285 by 42 by multiplying by the digits which 
are factors of 42. 

What are the digits which are factors of 42 ? 6 times 7 times 285 
are how many times 285 ? 

3. Multiply 428 b}' 36 by using the factors 4 and 9. Also 
by using 6 and 6. 

4. Multiply 376 by 30 by using the factors 3 and 10; 

Suggestions. — How much is 3 times 376? If 3 times 376 is 
1128, how much is 10 times 3 times 376? How do you multiply 
hy 10? 
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5. Multiply 5836 by 70 by using the factors 7 and 10. 

6. Multiply 2356 by 300 by using the factors 3 and 100. 
As above, perfonn the following, making 10, 100, or 1000, 

one of the factors : — 



7. 4206 X 60 = 252360, 

8. 241 X 500= 120500. 

9. 5863X4000 = 23452000. 



10. 267 X 7000 = 1869000. 

11. 58 X 800= 46400. 

12. 389 X 80= 31120. 



General Rule for MuUiplicatian. 

67. Rule. — I. Write the multiplier under the muUiplicandj 
80 that the orders in the multiplier shall faU under like orders 
in the multiplicand. 

II. Beginning with the units of the multiplier^ multiply the 
multiplicand by each of the figures of the multiplier in succes- 
sion, observing to write the first figure in each product under 
the one by which you are multiplying. 

III. Add these products. 

Reasons.1 — We write the multiplier under the multiplicand as a 
matter of custom. It would do just as well to write it above ; but we 
want both multiplier and multiplicand where we can see them at a 
glance. 

We multiply first by the units also because it is customary. It is 
just as convenient to use the highest order in the multiplier first. 

When we multiply by the tens figure, we get as many times the 
multiplicand as this figure indicates ; and then, by moving this product 
one place to the right, we multiply it by 10: thus we multiply the 
multiplicand successively by the factors of this part of the multiplier. 

In like manner we multiply by the factors of the hundreds part of 
the multiplier, &c. 

Finally, having multiplied the multiplicand by the parts of the 
multiplier, we add these products together, and so have a number 
which is as many times the multiplicand as are indicated by the mul- 
tiplier. 



^ If deemed best by the teacher, quite young or immature pupils may omit these 
^nerai statements of the reasons for the rule until reviewing. 
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Ex. 1. — Multiply 87 by 34. 

Explanation. — To multiply 87 by 34 we take 87 4 oranA-nox 

87 
34 



times and 30 times; aiid then, adding these products, we 
have 34 times 87. 4 times 87 is 348. Then 30 times 87 is 
10 times 3 times 87. 3 times 87 is 261, and 10 times 261 is 
261 (66). But we need not write the if we are careful to 
remove this product one place to the left. 



2. Multiply 3587 by 5462. 

These are often called partial products: — 



348 
261 

2958 

3587 
5462 

7174 
21522 
14348 
17935 

10592194 



1. Multipl}' 

2. Multiply 

3. Multiply 

4. Multipl}' 

5. Multiply 

6. Multiply 

7. Multiply 

8. Multiply 

9. Multiply 

10. Multiply 

11. Multiply 

12. Multiply 

13. Multiply 

14. Multiply 

15. Multiply 

16. Multiply 

17. Multiply 

18. Multiply 

19. Multiply 



Examples for 

3456 by 74. 
345 by 34. 
234 by 26. 
345 by 789. 
1357908 by 144. 
543 by 254. 
3407 by 682. 
781 by 23. 
5807 by 19. 
7005 by 37. 
850407 by 3789. 
23456789 by 14. 
65432 by 15. 
8429638 by 7294. 
7364951 by 888. 
653842 by 18. 
603040 by 19. 
364812 by 71. 
482436 by 81. 



Practice. 



Prod., 255744. 



Prod., 272205. 

Prod., 195538752. 

Prod.^ 137922. 

Prod., 2323574. 

Prod., 110333. 

Prod., 259185. 

Prod., 3222192123. 

Prod., 328395046. 

Prod., 61485779572. 

Prod., 6540076488. 

Prod., 11769156. 

Prod., 25901652. 
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20. Multiply 

21. Multiply 

22. Multiply 

23. Multiply 

24. Multiply 

25. Multiply 

26. Multiply 

27. Multiply 
2(8. Multiply 
20. Multiply 
30. Multiply 
M. Multiply 



2468 by 91. 
6739542 by 346. 
72926495 by 4567. 
123456 by 16. 
437426 by 17. 
89764267 by 999. 



P&OD., 224588. 
Prod., 2331881532. 

Prod., 1975296. 

Prod., 7436242. 
Prod., 89674502733. 
46371674 by 49684. Prod., 2303930251016. 
4364369 by 51. Prod., 222582819. 
6937845 by 61. Prod., 423208545. 
36598Ji74 by 432:. Prod., 15810627168. 
46354897816 by 56843. 
6847 by 207. 



6847 
207 



Suggestion. 207 is 200 and 7. Hence we are to take 
7 times 6847, which is 47929, and 100 times 2 times 6847; 
that is, 13694 multiplied by 100, oe written two places to 
the Ieft» Hence we see that the in the multiplier maKes 
no exception to the role that we are to write the first figure 
of each partial product under the figure in the multiplier by which 
we multiply to produce it. As we have Tio.tens in this exfunple, we 
skip that order in multiplying. 



47929 
13694 

1417329 



32. Multiply 30257 by 2305. 

33. Multiply 587640 by 4008. 

34. Multiply 380900 by 301. 

35. Multiply 4008 by 4008. 

36. Multiply 808058 by 808058. 



Prod., 69742385. 

Prod., 2355261120. 

Prod., 114650900. 

Prod., 16064064. 

Prod., 652957731364. 



37. 


657 X 408 = 


268056. 


47. 


67853X8765 = 


594731545. 


38. 


6258 X 346 = 


2165268. 


48. 


3878543X4567 = ] 


L6799905881. 


39. 


5679 X 507 — 


2879253. 


49, 


492 X 62.5 = 


307500. 


40. 


7856 X 658 = 


5169248. 


50. 


1312 X 335 = 


439520. 


41. 


9008 X 784== 


7062272. 


51. 


603456 X 94 — 


56724864. 


42. 


3207 X 2345 — 


7520415. 


52. 


ia57908X 144 — 


195538752. 


43. 


6579 X 3506 = 


23065974 


53. 


2368689 X 190 = 


450050910. 


44. 


8579 X 4078 = 


34985162. 


54. 


8432X6350 = 


53543200. 


45. 


7058X6007 — 


42397406. 


55. 


27496X1658 = 


4558836a 


46. 


35768 X 3456 = 


123614208. 


56. 


82488 X 555 = 


45780840, 
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To Mvltiply when there are 0^8 at the right of either 
tFie MtUtiplier or Multiplicand^ or of both* 

68. Rule. — Neglect the O's at firsts and multiply as tJwugh 
there were none. To the product thus obtained annex as 
many O^s as there are at the rigfit of both multiplier and 
multiplicand. 

1. Multiply 38400 by 260. 

Explanation. 38400 may be considered as 384 hun- 
dreds, and 260 as 10 times 26. Hence we may first take 
260 times 384. This we can do by Uking 26 times 384, 
which is 9984, and tlien 10 times this product. This gives 
09840, which is 260 times 384 hundreds, or 99840 hundreds. 
This is written 9981000. 

QuEUiES. — Why could we neglect the two O's in 38400 ? Ans, — 
Because we could remember that the 384 was hundreds without them. 
Wliy could we neglect the at the right of 260 ? Ans. — Because, as 
we wished to multiply 384 hundreds by 260, we could do it by multi- 
plying successively by the factors 26 and 10; and neglecting the gives 
us the factor 26 to multiply by. Why do we annex three O's to the 
product of 384 by 26? Ans. — We annex one to multiply by the 
factor 10 of 260, and the other two O's because the result is hundreds. 



38400 
260 

2304 
768 

9984000 



2. Multiply 75800 by 5600. 

3. Multiply 308000 by 1280. 



4. 35100 X 720=? 
5.. 58000 X 1900=? 

6. 9870X3470000 = ? 

7. 4863000 X 5600=? 

8. 67300 X 820000=? 



Prod., 424480000. 
Prod., 394240000. 
9. 111000 X 111000=? 

10. 2200 X 2200 = ? 

11. 8080 X 8080=? 

12. 17001700X17001700 = ? 

13. 7000 X 7000=? 



Applications • 

1. George bought 7 lemons at 6 cents each. How much 
did they cost? 

If each lemon costd 6. cents, 7 lemons cost 7 times 6 cents, which is 
42 cents. 
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2. If I pa}' $7 a cord for wood, how much will 3 cords 
cost me ? 

3. If I pay $6 a cord for wood, how much will 12 cords 
cost me ? 23 cords ? 

If each cord costs $6, 23 cords will cost 23 times $6. But, since 
G times 23 is the same as 23 times 6, 1 will use the 6 as the multiplier, 
it beiug more convenient. 

Or, at $1 a cord, 23 cords cost $23; but at $6 a cord they cost 6 
times as much, or 6 times $23, which is $138. 

4. At $8 a ban'el, what do 5 barrels of flour cost? 7 bar- 
rels? 10 barrels? 30 barrels? 256 barrels? 3428 barrels? 

[Use the slate for the last two only.] 

5. How much will 14 cords of wood cost at 550 cents a 
cord? 

6. How much will 7 acres of land cost at $128 an acre? 
How much will 37 acres cost at the same rate? 

7. A boy lived 4 miles fi'om the village, and used to go 
there and back every day in the week except Sunday. How 
far did he travel in so doing in 1 week? Ans., 48 miles. 

8. Mary bought 13 yards of calico at 17 cents a yard, and 
5 spools of thread at 6 cents a spool. How much did she 
pay for both? Ans., 251 cents. 

9. How many hundreds in 251? A dollar is 100 cents. 
How man}^ dollars m 251 cents? How many cents besides? 

2 dollars and 51 cents are written $2.51. As the $2 is 2 hundred 
cents, we can write $2.51, 251 cents. What is $5.31 ? How many 
cents ? $15.45 are how many cents ? 2347 cents are how many dollars 
and cents ? How written ? Wliat is $341.20 ? 

Since dollars are merely hundreds of cents, we can multiply numbers 
representing dollars and cents the same as other numbers ; and the 
tens and units of the product will be cents, and the other figures 
dollars. 

10. At $5.37 a barrel, how much will 24 barrels of flour 
cost? 
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We perform this thus : — ^'?i 

24 

11. At $3.75 a cord, how much will 58 cords of 2148 
wood cost ? 20 cords ? 200 cords ? $ 128.88 

Ans. to the last, $750. 

[Use the slate for the first of these only. | 

12. If it cost on an average $2527 a mile to build a certain 
railroad, how much will it cost to build 288 miles? 

Ans., 727776. 

13. At $5.25 a yard, how much will 11 yards of cloth cost? 
13 yards? 5 yards? 250 yards? Ans. to last, $1312.50. 

14. I bought a work in 4 volumes, which cost $8.64 a vol- 
ume. How much did the work cost ? 



15. There are 24 hours in one day ; i.e., a day and night. 
How many hours in a week ? How many in 4 weeks ? How 
many hours in a month of 30 days? A month of 31 days? 

16. There are 60 minutes in an hour. How many min- 
utes in a day (24 hours) ? 

17. There are 12 inches in a foot. How many inches in a 
3'ard, a yard being 3 feet? 

18. There are 2 pints in a quart, and 8 quarts in a peck. 
How many pints in a peck ? There are 4 pecks in a bushel. 
How many pints in a bushel ? Ans. to last, 64 pints. 

19. At 15 cents a quart, how much does a bushel of straw- 
ben*ies cost? 

20. There are 16 ounces in 1 jDound. How many ounces in 
4 pounds ? In 3 pounds ? In 7 ? In 10 ? In 30 ? In 576 ? 

21. There are 2000 pounds in 1 ton. How many pounds 
m 23 tons? In 70 tons? In 158 tons? 

22. There are 3 feet in a yard, and 1760 yards in a mile? 
How many feet in a mile ? 

23. Twelve things make a dozen. How many eggs in a 
barrel containing 87 dozens? 
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24. There are 24 sheets of paper in a qui're, ftnd 20 qtiires 
in a ream. How many sheets in a ream ? 

25. A Western township contains 36 square miles. How 
many square miles in a county of 25 townships ? 



26. How many hills of com in a field that contains 36 
rows, and 185 hills in each row? 

27. A wholesale dealer in watches sold 48 watches at $125 
each. How much did he receive for them? Ans., $6000. 

28. In the 3'ear 1865 there had been 16 Presidents, whose 
united terms of office amounted to 76 years. How much had 
their salaries amounted to at $25000 a year? Aks., $1900000. 

29. At the rate of 1400 words an hour, how many words 
can be sent over a tel^raph-line in 24 hours ? 

30. How much will 94 passenger-cars cost at $2475 each? 

31. If 97 tons of railroad-iron are required for one mile of 
track, how many tons will be required for a road 359 nules 
long? Ans., 34823. 

32. What will be the weight of the wire for a line of tele- 
graph 207 miles long, if one mile of wire weighs 326 pounds? 

Ans., 67482 pounds. 

33. Sho^ that 40 bushels of eom, at 75 cents per bushel, 
costs $30. 

34. Show that 800 bushels of wheat, at a dollar and a 
quarter per bushel, is worth $1000. 

35. At seven dollars and a half per ton, what cost a car- 
load of twelve tons of coal? 



36. Find the amount of the following bills : — 

Mrs. Jane Smith 

Bought of William Thomas: 

4 lb. coffee, (a> 28^ per lb. . 

1 lb. tea, (cb 75p per lb. * ... . 

10 lb. sugar, (a) 11^ per lb. . . . . 

6 lb. starch, (a) 80 per lb 
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37. Mr. Henry Jones 

Bought of C. H. Millen: 
12 yd. calico, (a) Sp jjer yard 

81 yd. sheeting, (a) 9P per yard .... 

1 hat, (a) $2.50 

3 pr. socks, (a) 3Sp per pair 

38. Find the balance due on the following account : — 

Mr. Henry Smith 

To James Taylor, 



1878. 


Dr. 




March 20. 


To 738 yd. of muslin. 


(a> $0.14, 


(4 (( 


" 75 bbl. of suga^ 
" 518 yd. of cloth,^ 


(a) 12.50, 


April 16. 


to) 2.62, 


May 24. 


" 234 pr. of boots. 


(a) 3.75, 


1878. 


Cr. 




April 3. 


By 156 bu. of potatoes. 


, (a) $0.35, 


" 17. 


"128 bu. of corn. 


(a) .45, 


May 28. 


" 650 bu. of wheat, 


^(a) .68, 


July 19. 


" 340 bu. of oats, 


(a> .28, 



Balance due, $2628.08 

39. Find the balance due on the following bill, and to 
whom it was due : — 

Mr. a. Farmer 

Bought of The Merchant: 

Dr. 

To 20 lb. rice, (a) 8^ 

*' 96 lb. sugar, (a) ISp . 
12 lb. raisins, (a) 22^ . 



(( 



Cr 

By. 100 bu. potatoes, (a) 62^ 

" 2 bu. beets, (a) 80^ . 

" 12 doz. eggs, (a> llf . 

" 5 bu. turnips, (a) 40^ 






J 
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40. A drover bought 256 horses at an average of $125 
each, 347 oxen at $87 each, and 250 sheep at $3 each. How 
much did all cost him? Ans., $62939. 



41. A has 395 acres of land, worth $27 an acre; and B 
has 493 acres, worth $19 an acre. What is the value of 
both of their flanns ? Aks. , $20032. 

42. A merchant bought 12 boxes of linen^ each containing 
25 pieces, and each piece containing 36 yards, at 65 cents a 
yard. How man^^ pieces did he buy? How many yards? 
How many dollars did it all cost him ? Ans. to last, <702Q. 

43. A merchant bought 25 pieces of broadcloth, each piece 
containing 48 yards, at 9 dollars a yard. How much did he 
pa}' for the whole ? 

44. If a steamship can sail 18 miles in 1 hour, how far can 
she sail in 34 days of 24 hours each ? 

45. John bought 3 pencils at 7 cents each, and handed the 
salesman 25 cents. How much change must he receive ? 

46. Bought 3 oranges at 8 cents each, and a melon at 12 
cents, and handed the grocer 50 cents. How much change 
must he give me back ? 

47. A woman brought 27 dozen eggs and 37 pounds of 
butter to market. She sold her eggs at 17 cents a dozen, 
and her butter at 32 cents a pound. She bought 1 xx)und of 
tea at $1.25, 5 jDounds of sugar at 15 cents a pound, and 8 
pounds of coffee at 39 cents. How much more did she get 
for her eggs and butter than her tea, sugar, and coffee cost 
her? Ans., $11.31. 

48. There is an orchard consisting of 126 rows of trees, 
and in each row are 109 trees. How many apples in the 
orchard, allowing an average of 1007 on a tree ? 

Ans., 13830138 apples. 

49. A certain state contains <50 counties ; each county, 
35 towns ; each town, 300 houses ; and each hoase, 8 per- 
sons. What is the population of the state? Ans., 4^00000. 
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50. A man bought a fann of 450 acres for $75 an acre, and 
spent $2500 in improA^ements. He then sold it at $dO an 
acre. Did he gain, or Jose? How much? 

An8., He lost $250. 

51. A farmer purchased a farm of 325 acres at 45 dollars 
per acre, and madie a pa37nent of 875 doUare. In order tx> 
make anoth^* payment, he sold 75 acres at 58 dollars per 
acre. How much did he owe on his farm after the second 
payment was made? Ans., 9400 dollars. 

52. If a 3'oung nmn*8 salar}' is 600 dollars per year, of 
which he takes 45 doUais to purchase books, and 300 dollars 
for board and other expenses^ liow much mone}' will he have 
at the end of 7 3'ears? Ans., 1785 dollars. 

53. At 55 dollars per ton, what will the rails for a railroad 
cost, if the road is 75 miles long, and it takes 112 tons per 
mile? Ans., 462000 dollara. 

54. It has been found b}^ experiment that a sheep which is 
fed in the open air consumes 1912 pounds of turnips from 
Nov. 18 to March 9 ; and that a sheep of the fiame size, 
fed under a shed, consumes, during the same time, 1394 
pounds of turnips. How many pounds of turnips would a 
faimer save in a single winter by feeding 345 sheep under a 
shed, instead of in the open air? Ans., 178710 pounds. 

55. A man owned 4376 acres of land : he sold 468 acres 
at $19 per acre. What is the remainder worth at $20 per 
acre? Ans., $78160. 

56. Henry earned $46 at one time, and $27 at another 
time. His father then gave him three times as mudi as he 
had earned. How much did his father give him ? 

Ans., $219. 

57. A hardware merchant bought at one time 250 pounds 
of tin, at another 345 pounds, and at another 562 pounds, 
and paid (or it all $462.80. He afterward sold it fdl at 45 
cents a pound. How much did he receive for it? 

Ans., $520.65. 
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58. A merchant bought 275 jards of cloth at 6 dollars 
per 3'ard, of which he has sold 133 j'ards at 10 dollars per 
3^ard. What would he gain on the whole b}'^ selling the 
remainder at 9 dollars per yard? Ans., 958 dollars. 

59. If a wagon cost $48, a yoke of oxen 3 times as much, 
lacking $54, and a span of horses as much as the wagon and 
oxen together, what was the cost of the oxen and horses 
resi^ectively, and of all? 

60. A passenger-train and a freight-train of cars start from 
a given station, and run in the same direction. The passen- 
ger-train moves at the rate of 37 miles an hour, and the 
freight-train 19 miles an hour. How far apart will they be 
at the end of 13 hours? Ans., 234 miles. 

How far apart had they run in different directions ? 

Ans., 728 miles. 

61. Bought 12 cows at $27 each, 9 horses at $95 each, 
and 250 sheep at $3 each. Sold all for $2000. What was 
the gain ? 

62. A man travels from Chicago to New York, 911 miles. 
He travels 10 hours a day at the rate of 6 miles an hour. 
How far will he be from New York at the end of 15 dajs? 

63. Two vessels are 4500 miles apait, and travel towaixi 
each other, — one at the rate of 91 miles a da}', and the other 
at the rate of 85 miles a day. How far apart are they at the 
end of 24 days? Ans., 276 miles. 

64. Two ships start from the same port, and travel in 
opposite directions, — one at the rate of 75 miles a day, the 
other at the rate of 85 miles a da}'. How far apart will they 
be at the end of 15 days? Ans., 2400 miles. 

65. If a cow cost $27, a horse 5 times as much, and a farm 
8 times as much as the cow and horse together, less $109, 
how much more will the farm aost than 4 horses and 10 
cows, at the saae rate? Ans., $377. 




SECTION VII. 

69. Division is a process of finding how many times one 
number is contained in aootlier. 

TbuB, wheii we find how many 9's Uiere iire in 36, we divide 36 
by 9. This is expressed by saying, " 9 Is contained in 36 /our times." 

Division enables us also to separate a number into any 
number of equal parts, and find liow many there are in one 
of these parts. 

Thus, when we separate 12 apples into 4 equal groups to Bnd how 
many there will be in each, we divide 12 by 4. 

70. The Dividend is the nnmber to be divided. 
The Divisor is the nnmber by which we divide. 

The Quotient is the number which tells how many times 
the divisor is contained in the dividend, or what is one of the 
required parts of the dividend. 

71. The sign -f- is the sign of division, and is read " di- 
vided by." Thus 24 -^ 6 is read " 24 divided by 6." The 
dividend is written before tiie sign, and the divisor after it. 

72. As multiplication is finding the product when the two 
fkctors are given, so division is finding one of the factors 
when the product and the other factor are given. The Divi- 
dend is the Product of the Quotient and Divisor. 
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Hence, to find how many times 6 is contained in 24, we have only 
to ask by what number 6 must be multiplied to make 24. Thus, as 
6 X 4 = 24, 6 is contained in 24, 4 times ; and 4 is contained in 24, 
6 times. In this way fill out the following 
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When 2 is one factor. 


2X2 — . . 


.-. j 4-5-2= 


2X3 — . . 


6 -r- 2 = . 

' • 1 6 -4- 3 = . 


2 X 4 _ — . . 


8 -5- 2 = . 

V 8-^4 = . 


2X5 — . . 


. i 10 -i- 2 = . 

• j 10 H- 5 = . 


2X6 — —.. 


' • 12 -^ 6 = . 


2X7 — . . 


. 14 H- 2 = . 

• 14 -f- 7 = . 


2X8 — —.. 


. (1® ^ 2 = . 

• i 16 -^ 8 = • 


2X9 — . . 


. 18 H- 2 = . 

• 18 -i- 9 = — ■-. 


WheaSia 


one factor. 


3X3 — —.. 


•. 9 -i- 3 = . 


3X4 — —., 


. J 12 -^ 3 = . 

• • 12 -*- 2 = . 


3X5 — . . 


. 15 H- 8 =r . 

• 15 -f- 6 sr . 


3X6 -^. , 


. ( 18 -s- 3 = . 

• 1 18 -J- 6 =: . 


3X7 — .. 


. ( 21 -*- 3 = . 

• 1 21 -H 1 as . 


3X8=—., 


. 24 -f- 3 = . 

' • M -+. 8 = . 


3 X 9=—. ; 


. f 27 -ir 3 =s 

• { 27 -4- 9 =? . 


When 4 is 


one factor. 


4X4——.. 


•.{l6 -*-4= . 


4X5 — . . 


. ( 20 -4- 4 = . 

• i 20 -?. 5 = . 


4X6 — . , 


. ( 24 -i- 4 = . 

• { 24 -s- 6 = . 


4X7 = —., 


. ( 28 -t- 4 = . 

•(28 -4-7 = . 



4X 
4 X 



8 = 

9 = 



5X 
5X 
5X 
5 X 
5X 



Whea 

5 = . 

6 = - 

7 = - 

8 = - 

9 = - 



&is 



6X 
6X 
6X 

ex 



When 

6 = - 

7 = - 

8 = - 

9 = - 



Sis 



7X 

t 7 X 
7X 



Whetk 

7 = . 

8 = - 

9 = - 



7<» 



8 X 

I 8 X 



When 

8 = . 

9 = - 



8i8 



one factor. 
.{25 



one factor. 

36 -s- 6 = 



( 82 -!- 4 = . 

•i32 -i- 8 = . 



82 
,32 

(36 
• 136 



4 

8 

4 

9 



-5- 5 = 



(30-5- 5 = 

• 1 30 -4- 6 = 

•i 
•1 

<45 

* J45 



30 
30 

35 
35 

40 
40 



5 
6 

-r- 5 
-5- 7 

-¥■ 5 
-i- 8 

-r- 6 

-»-9 



•I 

i48 -* 
•(48-* 

154 -; 
•f54 -* 



42 -s- 6 = 
42 -s- 7 s 

6 = 

8S7 

6 = 
9 = 



one factor. 

I66-4. 7 =: 
• ?56 -^ 8 = 



1 



63 
63 



7 3= 
9 = 



one factor. 

J64-*-8 = 

( 72 -*- 8 = 
> 72 -i- 9 = 



9X 9 = — . .-.j 



81 -fc>9 



When 9 i« one factor. 



^^■^^^^^ 



^^^■^«p^ 
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79. When the entire divisor has been taken ont of the 
dividend as many times as possible, if any thing is left it is 
called the Remainder. 

If there is no remainder, the division is said to be exact. 

How many times is 3 contained in 17? and what is the 
remainder? Does it take all of 17 to contain 3 Jive times? 



74. Principle. — If a given divisor is contained in any 
dividend a certain number of times with a certain remainder ^ 
it is contained in 10 times as great a dividend 10 times as 
m^iny tim£s with 10 times as great a remainder, in 100 times 
as great a dividend 100 times oa many timtes with 100 times 
as great a remmnder, etc. 

Thus 3 is contained in 17 flee times, with 2 remainder: hence it is 
contained in 10 times 17 ten times 5, or 50 times, with 10 times 2, or 
20, as a remainder. So, again, S is contained in 100 times 17 <me 
hundred times 5, or 500 times, with 100 times 2, or 200 remainder. 



SHORT DIVISION. 

When the JO^visor is represented by a Single WgiU 

1. Divide 536 by 2. 

ExPLAXATiow. — In order that we may see both al 2)536 
once conveniently, we write the divisor on the left of 2^ 

the dividend. 

2 is contained in 5 two times, with 1 remainder. Hence it is con- 
tained in 5 hundreds 2 hundreds times, with 1 hundred remainder. 
The 1 hundred remainder is 10 tens, which, with the 3 tens, maJce 13 
tens. 2 is contained in 13 stas times, with 1 remainder: hence it is 
contained in 13 tens 6 tens times, with 1 ten remainder. The 1 ten 
remaining is 10 units, which, with the six units, make 16 units. 2 is 
contained in 16 units 8 times. 

To Divide by the Method eeUled Short Divieioii. 
75, Bule. — I. Write the dimsor on the left of the divi- 
dend. Begin with the highest order or orders j which, regarded 
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as units ^ will contain the divisor. Divide^ and write the quo- 
tient figure underneath the lowest order thus used. 

II. Prefix the remainder to the next lower order, and divide 
as before. 

III, If, at any time after the first quotient figure has been 
written, the divisor is not contained in the next lower order, 
together with what is brougJU to it from the higher, write in 
the quotient, and proceed to the next lower order. 

Reasons. — The divisor is written at the left of the dividend, 
simply that we may he ahle to see hoth at once conveniently. 

We hegin at the highest order to divide, hecause by so doing we 
can put what remains after each division into the next lower order, 
and divide it; and thus we get all there is of any order in the quo- 
tient as we go along. 

We write the quotient figures under the orders from' whose division 
they arise, because they are of the same orders. 

The process ascertains how many times the divisor is contained in 
the dividend by finding how many times it is contained in the parts 
of the dividend, and adding the results. This can be readily illus- 
trated by an example. For this purpose let us divide 1547 by 4. 

Analysis of Opebation. 

12 hds. In this 4 is contained 3 hds., or 300 times. 

32 tens. In this 4 is contained 8 tens, or 80 times. 

24 ) ^.xg^ In this 4 is contained 6 units, or 6 times, 

and 3 ) In this 4 is contained no times. 



1547 = 



.*. In 1547 . 4 is contained . . 386 times, 

with a remainder of 3. 

2. Divide 7683 by 5. What is the quotient? What the 

remainder? 

Opebation. 

5)7683—3 
1536 

Perform the following, explaining the process : — 

8. 4. 5. 6. 7. 

2)1349 3)736 5)2483 6)3486 7) 238905 

8. Divide 4238 by 7. 
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Suggestion. —We observe that 7 is contained in 42 »t\4238 3 

(hundreds) 6 (hundreds) times, with no remainder. gQg 
Now, 7 is not contained in 3 (tens) any tens times: so 
we write a in the tens place in the quotient to mark the vacant 
order, and unite the 3 tens with the 8 units, making 38 units. In 
this, 7 is contained 5 times, with a remainder 3. 

Perfonn the following, explaining the process : — 

9. 10. 11. 12. 

5)25200 • 9)723856 — 4 8)5462 8)1768162 



5040 



80428 



JS^xatnples for ^ractice^ 



1. 5462 -i 


■-2; by 5; by 7. 


7. 10000 -: 


r 2; by 4; by 6; by 8. 


2. 1256 -i 


-3; by 4; by 9. 


8. 10000 -; 


r 3; by 5; by 7; by 9. 


3. 10702 -■ 


■-5; by 6; by 8. 


9. 20003 -i 


r 5; by 8; by 6; by 2. 


4. 78520 H 


r-7; by 9; by 4. 


10. 102504- 


f-3;by7;by8;by9. 


5. 653426 -i 


-2; by 3; by 5. 


11. 101010- 


r 8; by 4; by 2; by 6. 


6. 827001 -: 


r4; by 6; by 7. 


12. 202020 -: 


r 4; by 6; by 7; by 3. 



Two Ways of disposing of the 'Remainder. 

76« First Method. — In dividing wJien the division is not 
exacts we may write the divisor under the remainder^ thus 
forming a fraction^ and annex this to the integral part of 
the quotient} 

Ex. 1. — Divide 38 by 5. 

Explanation. 5 is contained in 38 seven times, with opzsation. 
3 remainder. To divide 3 by 5, we consider that 1 divided 5)38 
by 5 gives \, Hence 3 divided by 5 will give 3 times J, or \, ^| 

Thus 38 divided by 5 is 7f (read 7 and |). 



= 12^. 17^ 5 = 



3f. 



2. Show that 128 -^ 3 = 42§. Explain the division. 

3. Show that 51 -f- 4 = 12f . 

4. Show that 11 h- 6 = l^. 

5. Show that 7-t-5= If. 

6. Show that 9-5-2= 4^. 



38 -T- 3 = 12|. 
58 -^ 11 = 5t^. 
87 -J- 8 = 104. 



> The pupil is supposed to have learned in the Primary course what a fWiction is. 
If this is not the case, the teacher will need to explain it. 
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Perfonn the following, disposing of the remainder as above, 
and giving the explanation : — 



7. 


39 -J- 4= 9j. 


11. 


417-4-5. 


15. 


1000 -J- 7. 


8. 


52 -^ 5 = ? 


12. 


3428 -h 7. 


16. 


2015 -f- 4. 


9. 


18-r-7= ? 


13. 


5000 -f- 3. 


17. 


18276 -i- 5. 


10. 


143 : 2 = 71^. 


14. 


20 : 7. 


18. 


41287 : 8. 

• 



77. Principle. — If tlie divisor and dividend are both 
multiplied, or both, divided b^ the same number^ the quotient 
is not aUered. 

Ex. 1. — If you have 12 apples to divide equally among 4 
boys, how many apples can 3'ou give to each? 

If there are twice as man3' boj-s, how many times as many 
apples must you have in order to give each boy just as many 
as before? 

If there are only half as many boj'S, how many apples 
will be needed in order to give each as many as at first? 

2. 8 is contained in 128 sixteen times. Then how many 
times is it contained in J of 128 ? In i of 128 ? 

3. The expression y means that 27 is to be divided by 9. 
What difference would it make in the quotient if j'ou were to 
multiply both numbers by 3 before dividing? If jfwi were to 
divide both by 3 ? 

4. Show that g = f. That J == J. That f | = ^. That 

11 = 1. 

78. Principle. — The numerator and denominator of a 
fraction mai^ be both divided by the same number without 
altering the value of the fraction, 

(a.) Whenever a fraction occurs in the quotient in division, 
it should be Reduced to its Lowest Terms ; i.e., its numer- 
ator and denominator should be made the smallest whole 
number possible by such division as above. 
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5. Show that 87(>-f-&=97i. That 43^ -i^ 8 = 34^ . That 
172 -r- 6 = 282. That 2341 -j- 8 = 292J. 

6. Showthat^ = Jff = T^ = f| = ^f = 2. 

7. Show that HI = Iff = /^ = i|. 



79. Second Method. — When the dMsion is rtot exctct^ 
we can place a point after the integral part of the quotient^ 
annex a to the remainder^ and divide this remit. To this 
remainder annex a 0, and divide agaitt^ till the work termi- 
nates^ or tiU we have gone as far as we wish^ TJw orders 
thus obtained aJL tJk» rigitt of units are tenths^ hundredths^ 
thousandths^ etc. 

Ex. 1 . --. Divide 847 by 8. 

Explanation. — Having divided 347 by 8, we find a . ^ 
remainder 3. Now, if we divide each of these 3 into 10 



equal parts, or tenths, there will be 30 of them, 30 tenths 
divided by 8 gives 3 tenths, and 6 tenths remaining. Again: dividing 
each of the 61 te»ths into^ 10 equal parts, the parts will be huBdredtlis, 
and there will be 60 of them. Dividing 60 hundredths by 8, we have 
7 hundredths, and 4 hundredths remaining. 4 hundredths make 40 
thousandths, and 40 thousandths divided by 8 gfves 5 thousandths. 
These tenths, hundredths, and thousandthft we separate from the 
integral part of the quotient by a dot (.> called a DecimaJ, Point 

In this process we multiply each remainder by 10, and this is done 
by annexing a {%&), 

It will be seen that tlie numbers thus obtained by annexing 
O's are a kind of Fractions. Tliey are called Decimal 
P^ractions, or simpl}^ DedmcUs, We shall have more about 
them by and b}'. 

80. .3 is 3-tenths ; .4 is 4-tenths ; .05 is 5-hundredths ; 
»QOd is d-thousandths^ etc. .37 k 37-hundredths ; since it is 
3-tenths and 7-haEidjredthay and 3--teatbs make SjQ^hundredths. 
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.375 is 375-fhousandth8, because S-tenths and 7-huiidredths 
make 37-hundredths, and37-hundredths are 370-thousandths, 
which, with the 5-thousandths, make 375-thou8andth8. 

2. Rea4 the following, and tell what the}^ mean : .3 ; .05 ; 
.38; .072; .135; 4.2; 5.23; 42.26; 12.346. 

Perform the following, carrying out the division to three 
places of decimals, if it does not terminate before : — 



3. 26 -T- 8 = 3.25. 

4. 132-5-8=16.5. 

5. 346 ^ 7 = 49.428+.1 

6. 3471 -^ 2 = ? 

7. 581 -5- 6 = ? 

8. 5312 -f. 3 = ? 



9. 1342 -4- 4. 

10. 521 -4- 5. 

11. 1376 -4- 9. 

12. 8156 ^ 8. 

13. 417 -f- 2. 

14. 1826 -h 3. 



2o be taken up on 'Review. 

81. It is desirable that pupils somewhat advanced learn to 
divide by short division when the divisor is less than 13, as 
by 10, 11, and 12, in addition to the digits. This requires a 
knowledge of the Multiplication Table up to 12 times 12. 
Some will carry the process farther, as to 25 times 25. 

Ex. 1. —Divide 789634 by 12 by short division. 

Explanation of Process. 12 is contained in opebation. 
78 seoen times, with 4 remainder. 12 is contained 12)7 89634 —2 
in 49 four times, with 1 remainder. 12 is contained 74136 

in 16 once, with 4 remainder, etc. (The reasoning is omitted hecause 
it is just the same as when the divisor is represented by a single digit.) 

Solve the following by short division, putting the quotient 
in each form : — 

i This sign means that the division does not terminate. 
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2. 865732 -f- 11; by 12. 

3. 3462 -T- i2; by 11. 

4. 10764-5- 12; by 11. 

5. 8000 -^ 11; by 12. 



6. 74600 -f- 12; by 11. 

7. 100000 -f- 11 ; by 12. 

8. 300700 -h 12; by 11. 

9. 44444 -^ 11 ; by 12. 



To Divide by 1 with any number of O's annexed. 

82. Rxile. — CtJit off as many figures at the right of the 
dividend {including the units) , by placing the decimal point 
before them^ as there are O^s in the divisor, 

Ex. 1. —Divide 74826 by 100. 

Explanation. — Since removing each figure two orders orEBA-noN. 
to the left multiplies a number by 100 (65), removing each 748.26 
two places to the right divides a number by 100. There 
is, therefore, nothing to be done but to cut off the units and tens, thus 
making what was hundreds (the 8) units; what was thousands, tens, 
etc. 

In this manner divide the following, each by 10, 100, 1000, 
and read the quotients, telling w^hat each means (80). 

2. 43726, 50000, 840056, 48000, 100000, 500400, 681243, 
441111, 5867, 10045, 7000. 

3. Di\ide 7856 by 1000 ; that is, tell how many thousands 
there are in it, and how man}- over. In like manner di\ade 
17541 by 1000. 

4. Speak the quotients and remainders in the following : 
58 -s- 10 ; 736 -f- 10 ; 34568 -f- 10 ; 12057 -f- 1000 ; 19027 -^ 
100 ; 34567 -^ 1000 ; 30456 -5- 100 ; 750263 -4- 1000. 
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LONG DIVISION. 

To lyUdde tuhem, the I>ivi8or is m>9re ^um W^ or nukre 

than 12* 

1. Divide 73482 by 214. 

Explanation. — The principles used in tBis process are just the 
same as those in Short Division, the only 
difference being that the divisor i« so large -opwiAwoir. 

that it is not convenient to find out the 214 ) 73482 ( 343 Quo*, 
several remainders without writing down the "ogft 

product of the divisor by each quotient fig- §55 

ure as we obtain it, and performing the "722 

subtraction. Hence we write the quotient 6^ 

at the right of the dividend, that it may not 80 Item. 

be in our way. 

We now say " 214 is contained in 734 ^ 3 times, and write the 3 
as the highest order in the quotient. Then, multiplying 214 by 3, we 
get the product, 642, and, writing it under the 734, subtract, and find a 
remainder of 92. Then, as 214 is contained in 734 3 times, with a 
remainder 92, it is contained in 734 hundreds 3 hundreds times, with 
a remainder 92 hundreds ; and the quotient figure 3 is hundreds. 

Again : 92 hundreds and 8 tens make 928 tens. 214 is contained in 
928 four times, with a remainder 72: hence it is contained in 928 tens 
4 tens times, with a remainder 72 tens. 

Finally, 72 tens and 2 units make 722 units; and 214 is contained in 
722 three times, with a remainder 80. 

Thus we have found how many times 214 is ccMitained in 73482 by 
finding how many times it is contained in the parts of 73482, and 
adding the quotients thus obtained. This may be exhibited at one 
view, thus : — 



73482= i 



642 hds. In this 214 is contained 3 /ids., or 300 times. 
856 tens. In this 214 is contained 4 tens, or 40 times. 
642 units. In this 214 is contained 3 units, or 3 times. 
80 units. In this 214 is contained no times. 



.-. In 73482 . 214 is contained . 343 times, 

with a remainder 80. 

1 Is 2U contained in the first figure of the dividend? In the first two, or 73? In 
the first three, or 734? 
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To Divide by the Method oaUed Long Division* 

83» Rule. — I. Write the divisor at the left of tfte divi- 
dend^ and the quotient as U is obtained at the right.^ 

II. Seek how many times the divisor is contained in the 
fewest of the l^^hand figures of the dividend which will con- 
tain it^ and write the number of times as the highest order in 
the quotient, 

III. Multiply the divism* by this quotient figure^ and^ writing 
tlie product under the part of the dividend used^ subtract it 
therefrom. Annex to this remainder Hie figure of the next 
lower order of the dividend. Divide tJie number so formed 
by the divisor J writing the number of times it is contained as 
the second figure in the quotieivt. Continue the process till 
the dividend is exhausted^ or until the remainder will not 
contain the divisor* 

IV. If at any time a remainder, with the next figure of the 
dividend annexed, will not contain the divisor, write in the 
quotient, and bring down the next figure of the dividend, 

Reasoxs. — The reasons for this rule are the same as for the rule 
for Short Division; and, instead of repeating them, we will give a 
series of questions, which the pupil can answer if he has learned well 
what goes before. 

Questions. — 1. Why do we write the divisor oii the left and the 
quotient on the right of the dividend ?2 2. Why do we begin to 
divide with the highest order or orders, and proceed through the 
lower orders in succession ? 3. How do we find out how many times 
the divisor is contained each time? 4 On what principle do we 
determine what the or«l«r of any quotient %ure is? 5. On what 
principle are we able to take part of the dividend at a time? 6. 
Finally, l\pw does it appear that this process determines how many 
times the divisor is contained in the dividend ? 

* For other forms of writing the work, see Ex. 4, p. 80. 

* A better form is to write the first figure of the quotient directly over the first 
figure of the product of the units of the divisor by this figure. See second form, 
p. 80, Ex. 4, and Decimal Fractions (172). Some write the divisor at the right of 
the dividend, and the quotient under it. Sue third fbrm, p. 80, fix. 4. 
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£!xafnples /or Practice. 

1. Divide 82756 by 234, and afterward put the work in 
form to exiiibit the principles at one view, as on page 78. 

Hem., 154. 

2. Divide 7854 by 96, and explain as directed in the last. 

Rem., 78. 

3. Divide 346827 by 271, and then multiply the quotient by 
the divisor, and to this product add the remainder. What 
ought the result to be ? 

84. Division may he Proved by multiplying divisor and 
quotient together, and to the product adding the remainder. 
The resxdt should he the dividend. Wh}' ? 

4. Divide 17856 by 39, and pmve the process as above. 



Operation. 


Second Form. 


Third Form. 


Proof 


39 ) 17856 ( 457 
156 


457 
39 ) 17856 
156 


17856 
156 


39 
457 


457 
39 


225 
195 


225 
195 


225 
195 


4113 
1371 


306 
273 


306 
273 


306 
273 




17823 
33 



dSRem. 33 iJem. 33 JJem. 17856 

Query. — Wliy is it, that, if you add the remainder and several 
subtrahends just as they stand in the work, their siun will make tlie 
dividend? Try it. 

This, then, is another method of proof. 

Perform the following divisions, and prove the process in 
each case ; also write the complete quotient in both forms 
(76), (79). 



5. 2592 



63. Rem., 9. 



6. 7776 -J- 108. Rem.,0. 

7. 6750 -f- 15. Rem.,0. 
8.. 437639 -4-42. Rem., 41. 
9. 1893312-7-2076. 



10. 84764367-4-431. 

11. 4683579-4-234. 

12. 2686211248-4-296. 

13. 99424788962 -4- 978. 

14. 347628-4-84. 
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15. 5743?168-^8762. 

16. 134007502-5-34007. 

17. 888888J88 -^ 9999. 

18. 100000001 -f. 785. 

19. 2000000-5-691. 

20. 4360000 ^ 436. 

21. 84200^421. 

22. 132300Q0 -j- 735. 

23. 46521 ^ 43. 

24. 8762435 -J- 872. 

25. 1000000 ^ 777. 

26. 62050-5-75. 

27. 173248-7-256. 

28. 4000404-5-388. 

29. 7430055-^82649. 

30. 1234567890 -f- 456. 



31. 9876548210-5-12345. 

32. 7810000 -^ 427. 

33. 85432 -f- 125. 

34. 14732560 -T- 275. 

35. 171426-5-987. 

36. 70000-*- 333. 

37. 500500^1001. 

38. 878787 -5- 999. 

39. 1524630 -5- 738. 

40. 400000-^8888. 

41. 436 -h 158. 

42. 64827-5-377. 

43. 508508 -5- 99. 

44. 7642382-^98764. 

45. 10000-5-777. 



46. J234549380 -i- 12345. 

The complete quotients to some of the above are, 827f |, 
676^1 > 683.456, 4138gf , 200, 18000. 

The quotients of some, extended to three orders of ded- 
VB^j are, 53572.945+, 2894.356+, 879.666+. 

47. Dhide 39333933 by 437. 

48. Divide 184000 by 92. 

49. Divide 87612 by 873. 

60. Divide 552160000 by 937. 

51. Divide 80000 by 40. 

52. Divide 49419533647761876 by 9876. 



To Divide by using the Factors of the Divisor. 

85. Rule.' — Divide the given dividend by one of tJie 
fdctors^ and the quotient thus arising by the other} 

Reasons. — To divide a number by 5 shows how many 5*8 there 



' Of course this proceM to capable of extension to cases of more than two factors ; 
but we have no occasion to use such cases, and hence five only that of two factors. 
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are In It. Then, as every 7 of these 5's makes 35, if we find how many 
Ts there are in this first quotient, the result will show how many 7's 
containing 5 each, or how many 35's, there are in the given number. 
This reasoning applies to dividing by any composite number. 

Ex. 1. — Divide 5265 by 15, using the factors of 15. 

Suggestion. — The factors of 3 ) 6265 
15 are 3 and 5. Now, dividing 5 ) 1755 Number of 3's in 5265. 
by 3, we find that there are 1755 351 Number of 5's contain- 

threes in 5265. Now, since 5 ing 3 each, or of 15's 

threes make 15, there are as many in 5265. 

15' s in 5265 as there are 5*8 in 
1755, which is 351. Hence there 
are 351 15's in 5262. 

Perfoiin each of the following by resolving the (li\'isor into 
two factors, and using these factors as cU\isoi's. Give the 
explanation as al)ove in each case. 



2. 5796-^21. 

3. 19880-5-35. 

4. 1530 -f- 6. 

5. 8748 -f- 12. 



6. 0576^28. 

7. 7740-^45. 

8. 4704 -T- 42. 

9. 2670^30. 



10. 18576 -h 72. 

11. 21364-5-28. 

12. 3402 -i- 63. 

13. 3402 -5- 54. 



86. If there are remainders, it is eas}^ to tell how many 
of the original di\idend remain by noticing what the remain- 
dei*s are. The number of the original dividend which remains 
undivided is called the True Bemainder. 

14. Divide 5276 by 15, using the factors of 15, and find 
the true remainder. 

Suggestion. — Dividing by 3, we find 2 of the 5276 3 ) 52 76 — 2 
remaining. Now, the 1758 are 3's of the .5276; that 5)175 8 — 3 
is, every 1 of the 1758 coiTCsponds to 3 of the 5276. 351 

But, when we divide the 1758 by 5, we find 3 of it 
remaining. Hence, as each one of these 3 corresponds to 3 of the 
5276, the 3 corresponds to 9 of that number. The remainder of the 
5276 is, therefore, 9-|- 2, or 11. 

15-18. Perform the following, using the factors of the divi- 
jsoj'Sf and find the true remainders as above : — 

378-^21; 3412-^-15; V20\l-v28\ 1879-5-30. 
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To perfottn Division wlien there are O^s at tlie Right 

in the Divisor* 

87. Rule. — CiU off the 0*s from the divisor, and a like 
number of Jigures from the right of the dividend. Divide the 
remaining Jigures in the left of the dividend by the significant 
figures of the divisor. The remainder after this division, 
prefixed to the figures of the dividend cut off, is the entire 
remainder. 

Reasons. — Cutting off the O's from the divisor may be considered 
as pointing out its factors; and cutting off the figures at the right in 
the dividend is dividing by 10, 100, 1000, or by 1, with as many 0*s 
annexed as there ai*e figures cut off (82). Dividing by the significant 
figures is dividing tlie first quotient by the other factor of the divisor, 
according to ( 85). The remainder from the last division, l)eing merely 
of the next higher orders than the firat remainder, needs simply to be 
prefixed according to the principles of notation. 



Ex. 1. —Divide 8264 by 230. 

Explanation. — The factors of 230 
may l)e considered as 23 and 10. To 
divide by 10 we cut off the units figui*e 
of the dividend, and thus have 826 and 
4 remainder (82). 

Now, dividing this quotient by 23, we 
have 35, and a remainder 21. As this 
remainder is tens, and the fonner, 4, is 
units, tlie true remainder is 214. 

2 to 21. Perform the following according to this rule : — 



Operation. 
23 I ) 826 I 4 ( 35 Quot. 

136 
115 

214 Entire rem. 



(2.) 6285 -f- 70. 

(3.) 5786-^200. 

(4.) 23478 -f- 700. 

(5.) 3005080-5- 12000. 

(6.) 5200700-^2300. 

(7.) 12305 -f- 310. 

(8.) 4300 -f- 3700. 



(9.) 504372^500. 

(10.) 142605 -f- 12000. 

(11.) 2800 -f- 700. 

(12.) 58276432 -h 13600. 

(13.) 20075006^3510. 

(14.) 50707032 -J- 25700. 

(15.) 500504000 -r- 32000. 



1 
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(16.) 408208 -r- 1260. 
(17.) 437256 -^ 387000. 
18.) 2654002-^810000. 



(19.) 4000000-^343000. 
(20.) 1000000 -f- 75000. 
(21.) 3754212 -T- 346210. 



Appfications, 

88. Since \ of wy thing is one of the two equal parta into 
which it ma}' h© dinded, we obtain ^ of a number b}' divid*' 
ing the miml)er b}' 2. In like manner, ^ of a number is 
found b}" dividing the number by 3 ; J> by djiyicjing by 5 \ ^^ 
by dividing by 6, etc, (6»^ a), 

1 . If it require 3 jards of cloth to make a pair of panta- 
loons, how man}' pairs can be niade from a piece containing 
27 yards? From 18 j^ards? From 30 3^ards? 

SoLirTiON. — As every 3 yards will make 1 pair, 27 yards will make 
as many pairs as there are 3-b in 27. 27 -r- 3 = 0. Hence 2T yards 
will make pairs, if 3 yards make one pair.^ 

2. If 9 pairs of pantaloons of equal size arc made from 
27 yards of cjotli, how many j-ards does it take for one pair ? 

Solution. — II 27 yards loake 9 pairs, one pair reqxiires ^ of 27 
yards. ^ of a mimber is fouud by dividing it by 9, ^7-^9=3, 
Uence 1 pjiir requires 3 yards, if 9 pairs require 27 yards. 

I Notice the difference 1>etween this solution aud the precec^ng.] 

3. If apples cost $3 per barrel, how man}' baiTels can be 
bought for 812? For 815? For 830? For 8327? For 

818756? 

[When the numbers are small, the computation should be without 
writing, -^meutally, as it is called.) 

4. If 21 l)arrels of apples are bought for 863, how much is 
that per barrel? If 21 barrels cost 884, how much is it per 
barrel? 

1 Some such /bmi of solution should be insisted on in the class ; for let it 1>e re- 
membered, that, in tl)e ** AppHcatwi^," the important tbln^ is to teH v>hy y>€ d^oide, 
muUijjlyt add^ or subtract. These exercises are not desired to teach division, — 
tliut in, Aow to divide, ~ but to teaoh the uses o/ division. 
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5. At $7 per yard, how much oloth cftn be bought for $84? 
For $28? For $63? For $256? For $359? 

6. If 6 bushels of potatoes cost $4^50 (450 6ents), what is 
the price per bushel? 

7. A drover bought 7 horses for $1274, pajing the same 
price for each* What did one horse cost him ? 

8. If d oranges cost 35 cents, what is that per oraiixge? 
If they cost 45 cents? If 40 cents ? 

9. If 46 pounds of sugar cost $5.98, what is that per 
pound? 

10. What is the price of <ioal pef tatk when 6 tons cost 
$66 '^ When 8 tons eost $60 ? 

11« John's board bill for a term of 13 weeks Ivas $78. 
What was that per week? 

12. A laborer received $39.00 for & month's weak of 26 
da>'s. How much was that per day? 

13. How many stoves, at $47 each, can be bo*lght for 
$893? 

14. If 19 stoves are Iwight for $893, what is the price of 
one stove? 

15. If one stove cost $47, what will 19 stoves cdst? 



16. A yard is 3 feet. How many j-ards, and how matiy 
feet over,' in 1 00 feet ? In 83 ? In 60 ? In 1 1 ? 

17. A foot is 12 inches. How many inches in a J'ard? In 
a half-yard? In a quarter-yard? 

18. A pound, grocers' weight, is 16 ounces. How many 
l)ounds and ounces in 180 ounces? In 250? In 48? 

19. How many ounces make a quai*ter of a pound? A 
half-pound ? 

20. Four quarts make a gallon, and 2 pmts make a quaii;. 
How many gallons in 80 pmts ? In 64 ? In 320 ? 

21. 320 rods make a mile. How many rods in a half-mvle? 
In a jguarter-mile ? 
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22. 52d0 feet make a mile. How man}- 3'ar(ls make a 
mile? How man^Miiches? 

23. In a bushel are 4 i^ecks, and in a peck 8 quarts? 
How man}' i^ushels in 800 quails? In 1000? 

24. If a certain rope weighs a pound for ever}- 5 feet, how 
much will 200 feet of it cost at 1 2^ per }X)und ? 

25. How man}' bushels in 5280 pints, if 2 pints make a 
quart, 8 quarts make a peck, and 4 pecks make a bushel ? 



26. A man going to bu}' sheep took with him $1256. His 
expenses were $150. He bought 217 sheep at a unifonn price, 
and had $21 left. How much did one sheep cost. Ans., $5. 

27. If a man on horseback ride 53 miles each da}', how 
much will he lack of 1000 miles m 16 davs? Ans., 152 miles. 

28. If a man pay $75 each for oxen, how many oxen can 
he buy for $2000 ? and how much money will he have left ? 

29. A young man attending c*ollege had $200 at the begin- 
ning of a tenn of 18 weeks. He spent $35 for books, and 
$23 for other purix)ses besides board, and had $34 left at 
the end of the term. How much did his board cost him 
per week ? 

Suggestion. — How much of the $200 did he not spend for board? 
How much did he spend for board? If he spent so much for 18 
weeks* board, how much was that for one week ? Ans., $0. 

30. If a man had an income of $3742 a year (52 weeks), 
and spent $1500 for his family exixjnses, gave to charitable 
puiposes $370, and saved the rest, how much did he save per 
week? Ans., $36. 

31. A has 340 head of cattle worth $9860, and B has 760 
acres of land worth $32680. Required the value of A's cat- 
tle \m head, and of B's land i^er acre. Ans., $29 and $43. 

32. Having a tract of land containing 540 acres, I wish to 
divide it into fields containing 45 acres each. What number 
of fields will it make? Ans., 12 fields. 
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33. A planter has 2280 dollars to layout for mules and 
oxen, and wishes to purchase the same number of each. If 
he pay 65 dollars a head for mules, and 30 for oxen, how 
man}' of each can he bu}'? 

Suggestion. — How much do 1 ox and 1 mule together cost? 
Then bow many times can he buy 1 ox and 1 mule ? Ans., 24. 

34. How many 3^ards of cloth, at 7 dollars a 3'ard, 8 dol- 
lars a 3'ard, and 9 dollara a 3'ard, — the quantit}' of each kind 
to be the same, — can a merchant bu3' for 1800 dollai's? 

Ans., 75 3-ards of each kind. 

35. A cistern, the capacit3' of which is 10000 gallons, is 
to be filled with water by 3 pipes discharging into it. The 
first pipe discharges 200 gallons per hour, the second and 
third each 150 gallons per hour. In what time will the cis- 
tern be filled b3' the three pipes running together? 

Ans., 20 hours. 

36. A farmer wishes to fill three kinds of sacks, contain- 
ing 3 bushels, 4 bushels, and 5 bushels, and the same number 
of each kind, with 1728 bushels of corn. How many sacks 
can he fill? Ans., 144 of each kind. 



37 If 6 3*ards of calico can Jbe bought for $1, how much 
will 12 3'ards cost? 24 3'ards? 48 yards? 60 3'ards? 

38. If 8 melons cost Jl, how man3' dollars will 3744 mel- 
ons cost? 

39. When 6 books are bought for $1, how man3^ dollars 
must be paid for 1743 lx)oks? 

40. If 7 days make 1 week, how man3' weeks in 21 da3's? 
42 days? 365 days '•' 

41. If there are 12 inches in 1 foot, how man3' feet in 578 
inches, and how many inches over ? 

42 How many cents make Si ? Then how many dollars 
in 5682 cents? In 586 cents? In 1280 cents? How many 
cents over in each case? How do you divide by 100? 
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43 . Shingles are pnt up in bunches of 500 each. How many 
bunches does it take to make 1000? How many bunches will 
it take to shingle a roof which requires 8000 shingles ? 

44. If 3 pounds of coffee cost $1, how much will 27 pounds 
cost? 

45. If 3 gallons of molasses cost $2, how much will 6 gal- 
IcftiH (^st ? How many times $2 ? 

46. If 6 oranges can be had for 35 cents, how much wiH 
36 Oranges bost? How many times 35 cents? 

47. If 7. lemons can be bought for 25 cents-, hoW man}' can 
be had for $1 , which is 100 cents ? How many times as many 
can be had for 100 cents as for 25 cents? 

48. If 3'Ou can buy 5 slate-pencils for 3 cents, how insLtty 
can you get for 18 cents? How much will 35 pencils cost? 

49. If 2 horses can be bought for S350, how many can be 
bought for $8400 at the same i*ate? 

SuGi^EStiON. — Observe that feuch problems can be solved in two 
ways. i. How many times the price of 2 horses IB $8400 ? Then how 
many times 2 horses can be bought ? 2. How much does 1 horse 
cost ? Then how many can be bought for $8400 ? 

Sometimes one method involves fractions, while the other does 
not. In such caises take the latter. 

50. If 7 sheep can be bought for $24.50, how much will 
a flock of 133 cost at the same rate? 

51. If 4 bushels of apples can be bought for $3, how man^' 
can be bought for $51 at the same rate? 

52. If 6 oranges can be bought for 42 cents, how man}' 
can be bought for 56 cents ? 



53. If you divide 7 appl^ equally between 2 boys, how 
mfany will fetich boy have? If 9 apples among 4 bo^'s? 13 
ap^i^ aiAong S bojis ? 27 apples among 5 bo}^^ ? 

Ans. to LAsrr, 5f apples. 
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54. If a pound of mgtir cost 8 cents, h6w much at that 
rate can be botight for 17 cents? For 25 cents? 

55. At $7 a 3'ard, how much cloth can be had for $45? 
For $105? For $23? For $63? For $5829? 

56. If a man with a reaper can cut 8 acres of wheat in a 
day, how loi^ will it take him to cut 25 acres? 30 acres? 
270 acres? ^72 acres? Ans. to last, 46^ daj^s. 

57. if a man with a reaper can cut 7 acres of wheat in a 
da}', in how many days can 8 men with reapers cut 250 
''ti&re^^ Hotir iiiu^h wiH ttoey cut in one day? Tlien how 
Hbtig Will ft take Ihem to ctft 250 acres? 

58. There being 1760 yards in a toiler find how many miles 
there are in 66160 3'aixis. Ans., 87JJ miles. 

59. How many da}^ would 21 horses subsist on an amount 
of food which would suffice one horse 300 days? 

Ans.-, 14f days. 

60. Allowihg a steamboat to run 275 miles in a day, Iq 
what time wookl she make a trip of 5350 miles? 

Ans., 19-^ days. 

61. A flour-merchant sold 108 barrels of flour for $9 a 
ban^l, and gained on it $216. What price, then, must he 
have paid for it by the barrel? Ans., $7. 

62. A provision-dealer bought 1000 bushels of potatoes at 
50^ per bushel, and sold the whole for $600. How much did 
he make per bushel ? 

63. At what price per barrel must a lot of 57 barrels of 
flour, which cost $399, be sold, so as to make 50^ per barrel? 

Ans., $7.50. 

64. tf I make a profit of 75^ on a pair of boots by selHng 
them at $10.50, how much shall i make on a lot which cost 
me $370? 

Suggestion. —How many cents is $10.50? How many fSW? 
Head the example, calling ihe several sums cents. 
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65. How much shall I lose on a piece of cloth containing 
45 yards, which cost me S270, b}' selling it at the rate of 
10 3'ards for $55 ? Ans., $22.50. 

66. If I sell 3 dozen pairs of gloves, which cost me $45, 
for $48, how much do I make per pair? 

67. If I make 60^ per j'ard on cloth which cost me $240, 
how much must I sell to make $300? Ans., 500 j'ai-ds. 

68. A coal-dealer makes $3 profit on a car-load of 12 tons. 
How much does he make on 600 tons ? 

69. If a merchant sells gloves which cost him $18 per 
dozen pairs at a loss of 25^ per pair, how much will he lose 
on a stock which cost him $126? 

70. Bought 750 bushels of wheat for $787.50, and sold it 
at a profit of 10^ per bushel. At what price per bushel did 
I sell it? Ans., $1.15. 

71. If I buy com at $3.15 for 5 bushels, and sell it at 
$4.90 for 7 bushels, how many bushels must I sell to make 
$d6 ? Ans. , 800 bushels. 

72. Eight quarts make a peck. Then what part of a i^eck 
is 4 quarts ? 2 quarts ? 

73. Twelve inches make a foot. Then what part of a foot 
is 6 inches ? 3 inches ? 4 inches ? 

74. Eight-eighths make 1. Then what part of one is 4- 
eighths, or I? |? 

75. 9-ninths make 1. Then what part of 1 is 3-ninth8, or 

V 

76. What part of an}' thing is J of it? f ? 

77. If flour is $8 a barrel, how much can a man bu}' for 
$4? For $2? How many pounds for $4? (196 pounds 
make a baiTel.) How man}^ pounds for $2? 

78. A countr3'womau brought to market 5 dozen eggs, for 
which she got 28 cents a dozen, and 28 pounds of butter, for 
which she got 32 cents a pound. She bought 12 yards of 
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calico at 15 cents a 3*ard, a shawl for $7, and took the rest in 
sugar at 9 cents a pound. How much sugar did she get? 

Ans., 17^ ix)unds. 

79. A man had an orchard of 48 plum-trees. 24 of them' 
died. What part died? Eight of them bore fruit. What 
part bore fruit? 

80. How many 80's in 320 ? Then what part of 320 is 80 ? 
How many 40's in 320 ? Then what part of 320 is 40 ? 

81. What part of 144 is 72? 24? 36? 

82. What part of 100 is 50? 25? 



83. Dividend 7826, quotient 18, and remainder 212. 
What is the divisor? 

84. Quotient 371, divisor 168, and remainder 47. What 
is the dividend ? 

85. Divisor 564. What must the remainder be, in order 
that the dividend be 6210, and the quotient 11 ? 

86. Subtrahend 5834, remainder 1276. What is the 
minuend? 

87. The product is 875000, and one of the factors is 125. 
What is the other? 

88. Two factors are 625 and 25. What is their product? 

89 . Subtrahend 3182, remainder 689 . What is the minuend ? 

90. Divisor 187, quotient 321, and remainder 133. What 
is the dividend ? 

91. Two men travel in the same direction, and from the 
same place. One goes 43 miles a day, and the other 52. 
How long will it be before they are a day's journey for the 
latter apart? 

92. Two men start from the same point: one goes east 
at 3 miles per hour, and the other 4 miles. How many 
working days of 8 hours each before they will be 144 miles 
apart? 
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93. A (ionrier stains after a man who has been on the 
waj' 4 hours. The courier travels 10 miles per hour, and 
the man 8. How long before the courier overtakes the man ? 
How far has the man traveled after the courier started ? 

94. How many jears does it take to make the difference 
between saving $2 per month and $6 per month amount to a 
saving of $100? 

95. Two young men start in life with the same capital ; 
say, S5000. One saves '^ per month out of his inCxyme, and 
the other spends $3 per month mmSe thafi his inoonCie. What 
will each be worth in 20 3'ears ? How long would it be before 
th6 differefnce between tliem w6uld be $1000? 

96. What is the difference, in 15 years of 3&5 daj^s each, 
between spending 2f per da}' m<>re than one earns, or Sf 
less, exclusive of 52 Sunday's each 3'ear? 

97. How long would it take, at tlie rates mentioned in Ex. 
96, to make a difference of $1000? 



98. A man earned in 6 months the following amounts : 18 
dollars, 21 dollars, 12 dollars, 27 dollars, 30 dollars, and 36 
dollars. What was the average monthly earnings ? 

Ans., 24 dollars. 

By thill question is meant, What Would be the uniform Wages per 
month, iu order to earn the same amoHitt in the same time ? 

99. The heights of 5 monuments are taken, and found to 
be 10 ft., 17 ft., 12 ft., 13 ft., and 15 ft. What is the 
average height according to these measurements ? 

100. A drover bought 100 horses. For 20 he paid $125 
eadi ; for 30, SlOO each ; for 5, $400 each ; for 40, $150 
each ; for the remainder, $85 each. At what average price 
must he sell them to make a profit of $500 on the lot? 

101. A, B, and 0, working together, dig a ditch for $378 ; 
A receiving $6 a week, B $7, and C $8. Required the time 
they labored, and amount received by each. 

Ans., a received $108, B $126, and C $144. 
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SECTION vm. 

FACTORS. 

89. An Integer is a Whole Number in distinction from a 
Fraction. 

Whole numbers are also called Entire jfJurj/Lhera. 

90. Th^ Fafitora of a number are those niml^rsi which, 
multiplied together, produce it. Thus 2 and 3 arQ tl^e factorek 
of 6, b^eaus^2 X3 = 6, 

A Factor of a number is also called ^ Divisor ^ or an Exact 
JDivisior. 

In arithmetic a factor is supposed to he. integral, unless otherwise 
stated. 

91. In arithn^tic i^ Qoi^apositQ Niunber is the product 
Qf twQ or more integral factors each greater than 1. 

Thus ^ is a composite u^mber; for it is the product of 2 i^id 3. 15 
tf ^ coipposite number; for i^ is the product of 3 an4 5. 

1 . Point out the comix)site numbers in the following, and 
tell wh^t their factors ^i-e : ?l ; 12; 24; 36 ; 7; 8 j 11 ; 13 ; 
28; 23; 20; 30; 130; 3Q0; 230; 1200. 

2. Caa there be a iiui^her, who^ ri^t-hftud figure is 0, 
which is not composite ? 

92. Numbers which are not composite are called Prime 
Numbers. 

3. Point out all the prime numbers between 1 and 100. 
Make a list of them on 3'^our slate. 

4. Of what 3 factors is 12 composed? 30? 66? 60? 8? 

27? 

[See Appendix I. for the method of inding Prime lumbers, called 
Eratosthenes' Sieve.] 
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93. One number is said to be Divisible bj^ another when 
the former contains the latter an integral number of times 
without a remainder. 

94. An Even Number is a number which is divisible 
by 2. 

95. An Odd Number is a number which is not divisible 
by 2. 

What numbers do 3'ou name when you count by 2, begin- 
ning ''2,4, 6, 8," etc.? 

What numbers do 30U name when you count by 2, begin- 
ning " 1, 3, 5, 7," etc.? 

96. All numbers ending in 0, 2, 4, 6, or 8, are even. 

This is 80, since, in dividing any such number as 354 by 2, when 
we come to units, we shall either have just the units to divide, or the. 
units with 1 before them; as 10, 12, 14, 16, 18. Now, each of these 
numbers is exactly divisible by 2. 

97. AH numbers ending in 1, 3, 5, 7, or 9, are odd. 

This is so, since, in dividing any such number as 247 by 2, when 
we come to units, we shall either have just the units to divide, or the 
imits with 1 before them ; as 11, 13, 15, 17, 19. Now, no one of these 
numbers is divisible by 2. 

98. AH numbers ending in or 5 are divisible hy 5. 

The reason for this is, that any number represented by two digits, 
the right hand one being or 5, is divisible by 5; as 10, 20, 30, etc., 
and 15, 25, 35, etc. 



To Itesolve a Number into its Prime Factors. 

99. Rule. — Divide the number by the least number which 
will divide it exactly. Treat this quotient in the same toay, 
and continue the process until there is no exaxit divisor of the 
quotient last obtained other than itself and 1 . 

TJie several divisors and the last quotient are the prime 
factors sought. 
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1. Resolve 60 into its prime factors. operation. 

2)60 

Therefore 2, 2, 3, and 5 are the prime factors of 60; for 2 ) 30 

they are all prime numbers, and 2X2X3X5 = 60. 3) 15 

5 

2 to 52. Resolve 108 into its prime factors. So also 56, 
14, 27, 135, 42, 75, 45, 128, 63, 59, 43, 48, 160, 28, 32, 34, 
49, 50, 70, 72, 76, 77, 4, 8, 9, 10, 91, 330, 420, 231, 462, 
2310, 105, 39, 38, 36, 154, 133, 79, 37, 885, 912, 1380, 391, 
1728, 1008, 5760, 1760, 44, 327. 



COMMON DIVISORS. 

100. A Comznon Divisor of two or more numbers is a 
common integral factor; that is, a whole number which 
exactly divides each of the numbers. 

Thus 3 is a common divisor of 12 and 18. 5 is a common divisor 
of 10, 15, and 20. Why ? 

101. The Greatest Common Divisor of two or more 
numbers is the greatest whole number which will exactly 
divide each of tliem. 

Thus 8 is the greatest common divisor of 16, 24, and 32. Wliy ? 

To Find the Greatest Common I>ivisor of Two or 

More Numbers. 

102. Rule. — Resolve the numbers into their Prime Fac- 
tors, and take the product of all the factors which are com- 
mon to the numbers. 

Reasons. — 1st, This product divides each of the numbers, be- 
cause the product of any of the factors of a number is a divisor of it. 

2d, It is the greatest common divisor, since, if any other factor be 
introduced, the product will not divide those numbers In which this 
factor does not occur. 
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1. What is a common divisor of 6 and 4? Of 10 and 15? 
Of Sand 12? 

2. How many common divisors of 8 and 12 can j'ou name? 
What is the greatest common divisor of 8 and 12? 

3. What is the greatest common divisor of 16 and 40? 
Of 42 and 63 ? 

4. Find the greatest common divisor of 1512, 882, and 
630. 

1512 = 2X2X2X3X3X3X7, 8a2 = 2X3X3X7X 7, ftna 
630=2X3X3X5X7. The prime factors common to all are 2, 3, 
3, 7. Hence 2 X 3 X 3 X 7 = 126 is the G. C. D. of 1512, 882, and 630. 



JSapamples for ^vtucUc^^ 



5. 96, 120. 

6. 78, 130. 

7. 62, 93. 

8. 209, 253. 

9. 252, 288. 

10. 1064, 1274. 

11. 741, 1938. 

12. 326, 807. 

13. 336, 576. 

14. 1056, 1768. 

15. 1064, 1274. 

16. 235^445. 



17. 144, 196, 324. 

18. 780, 720, 1008. 

19. 1100,144,960. 

20. 216, 408, 740. 

21. 260, 416, 384. 

22. 128,256,1280. 

23. 140, 308, 819. 

24. 210, 315, 420. 

25. 120, 210, 360. 

26. 330, 495, 660. 

27. 4485, 5980. 

28. 3795, 345. 



29. 17, 136. 

30. 24, 120. 

31. 31, 29. 

32. 143, 1001. 

33. 63, 217. 

34. 114, 171. 

35. 973, 1668. 

36. 744, 1680. 

37. 1560, 1008. 

38. 47, 83. 

39. 151, 247. 

40. 864, 568. 



[For the General Bule for finding the Greatest Common Divisor 
and its demonstration, as well as a specially economical and elegant 
method of applying it, see Appendix II. ] 



COMMON MULTIPLES. 

103. A Multiple of a number is a number which contains 
that number as a factor. Hence a Compp^Ue Number is a 
multiple of each of its factors. 
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In speaking of multiples the number itself and 1 are considered as 
factors, and any number is its own least multiple; but fractions are 
excluded. 

104. A Gommon Multiple of two or more numbers is a 
multiple of each, of them. 

106. The Least Common Multiple of two or more num- 
bers is the least number which is a multiple of each of them, 
and hence cannot be less than the largest of the numbers. 

Thus 15 is a multiple of 3 and 5; but it is not a multiple of 2 or 7. 
48 is a common multiple of 2, 4, 6, 8, and 12; but it is not their 
least common multiple, since 24 is a multiple of each of these numbers. 

106. Principle. — The Product of two or more numbers 
is a Common Multiple of them all^ since it contains each of 
them as a factor. 

To Find the Least Common Multiple of Two or More 

Numbers. 

107. Rule. — I. Resolve each of the numbers hvto its prime 
factors. 

II. Multiply the largest number by all the prime factors 
found in the next smaller number^ and not in it, 

III. Treat this product and the next smaller number in the 
same way, and continue the process till all the numbers are 
used. 

Demonstration. — We take the largest number, because the least 
common multiple must contain it. Then we multiply this by all the 
prime factors contained in the next smaller, but not in the largest; 
because, if there is a component factor of this number lacking in the 
product, it will not contain this number : and so on of all the num- 
bers. This product will contain each of the numbers, since it con- 
tains all its factors. 

Again: the product thus obtained is the least common multiple, 
because no factor can be left out of it without preventing its contain- 
ing some one of the numbers. 



\ 
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Ex. 1 — Find the least common multiple of 27, 42, and 

36. 

Solution. 

42 = 2X3X7. 36 = 2X2X3X8. 27 = 3X3X3. 

.'. 42 X 2 X 3 X 3 = 756, the least common multiple. 

For, as the number must contain 42 as a factor, we write it as one 
of the factors of the multiple sought. Then, as 36 contains two fac- 
rs 2, and two factors 3, and 42 has but one each of these, we write 
these factors as factors of the multiple, and have 42 X 2 X 3. Now, 
this product has but two factors 3 in it; whereas 27 has 3 such factors. 
Hence we write another factor 3, and have 42X2X3X3 = 756 as 
the least common multipie. It is the least common multiple, because 
no factor can be omitted from it without preventing its containing 
some one of the numbers. 

If we strike out one factor 2 from 42 X 2 X 3 X 3, which number 
will the product not contain? If we strike out one factor 3, which 
number will the product not contain ? If the 7 (in the 42) ? 



Examples for Practice, 

2. Show that the 1. c. m. of 3, 8, 9, 12, is 144. 

3. Show that the 1. e. m. of 45, 63, 81, is 2835. 

4. Show that the 1. c. m. of 8, 36, 9, 17, is 1224. 



5. 15, 20, 32, 75. 

6. 4, 6, 8, 10. 

7. 9, 3, 12, 15. 

8. 21, 7, 4, 9. 

9. 6, 4, 12, 20. 

10. 8, 7, 10, 14. 

11. 15, 2, 10, 13. 

12. 24, 5, 6, 10. 



13. 5, 10, 13, 24. 

14. 6, 7, 2, 17. 

15. 11, 4, 5, 19. 

16. 4, 6, 9, 14. 

17. 18, 27, 54, 45. 

18. 7, 15, 21, 28, 35. 

19. 84, 100, 224. 

20. 49, 56, 63, 84. 



21. 17, 11, 23. 

22. 31, 57, 46, 1. 

23. 19, 17, 53. 

24. 67, 51, 159. 

25. 100, 10, 1000. 

26. 200, 100, 300. 

27. 7, 5, 3, 11. 

28. 70, 50, 30, 110. 



29. Find the least number which each of the digits, 1,2, 
3, 4, 5, 6, 7, 8, 9, will exactly divide. 

[See Appendix III. for a rule frequently given, and also for a 
method when the common factors are not easily detected.] 
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CANCELLATION. 

108. Cancellation is rejecting equal factors which appear 
both as multipliers and divisors in an operation. 

Cancelling such equal factors does not change the value of the 
result ; because dropping a factor from a multiplier would divide the 
result, while dropping it from a divisor would multiply the result. 
Hence one operation compensates for the other. 

Ex. 1.— ^Required the result if the numbers 12, 15, and 
63 are multiplied together, and the product divided by the 
product of 4, 14, and 21. 

Explanation. — For convenience 
we indicate the operations to be per- Opbration. 

formed by writing above a line the t2 V 2S V 02 4iS 
numbers to be multiplied together for 4 y t^ y 21 ^^Y^^^^^' 
the dividend; and below, those which 2 

are to be multiplied together for the 

divisor. Then, observing that 4 is a factor in 12, we cancel it, and 
write the remaining factor of 12 (viz., 3) above the 12. This is equiv- 
alent to dividing both dividend and divisor by 4, which does not alter 
the quotient. We then observe a factor 7 in 14 and 35, and, striking 
it out, have left the factors 2 and 5 respectively. So also we strike 
the factor 21 from divisor and dividend. There then remain the 
factors 3, 5, and 3 in the dividend, and 2 in the divisor. Hence the 
result is, 

2 » ®^ "o"' which equals 22^. 

Examples for l^actice* 

2. (16 X 24 X 48) -4- (32 X 36 X 8) = ? Ans., 2. 

3. (84 X 12 ><J 18) -^ (21 X 24 X 9) = ? Ans., 4. 

4. (72 X 18 X 16) -5- (24 X 16 X 9) = ? Ans., 6. 

5. (76 X 34 X 96) V (17 X 51 X 32) = ? Ans., 8if . 

6. (184 X 145 X 80) -^ (23 X 29 X 60) = ? 

7. (164 X 96 X 44) -^ (8 X 33 X 48) = ? 

8. (45 X 60 X 7) -- (49 X 12 X 9) = ? 
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9. (2 X 3 X 5 X 8 X 7) -f- 

10. (5 X 8 X 12 X 6) -^ (20 

11. (12X60X36X35)-- 

12. (30 X 49 X 64 X 25) -^ 
35 X 39 X 40 _ ^ 



13. 



14. 



15. 



26 X 30 X 42 
26 X 33 X 35 

4 X 9 X 25 

6 X 9 X 15 X 21 



— V 



4 X 6 X 10 X 14 
21 X24X28X35 _^ 
14X 18X 20X 25~ * 



(6X5X2X7) = ? 
X 16 X 2) = ? 

(7 X 30 X 18 X 24) = 
(35 X 15 X 24) = ? 

45 X 49 X 81 ^ 
35 X 84 X 63 " 
360 X 7 X 8 

100 X 12 
360 X 10 X 5 

100 X 12 
360 X 8 X 4 

100 X 12 



17. 



18. 



19. 



20. 



— 9 

— 9 

= 9.6. 



The Use of the Signs +, —, x, -f-, and { ), in indicaUng 

OperaUans* 

109. 1st, If no signs but +, — , X? and -5- are used, 
the operations indicated by X and -5- are to be performed 
in succession, and before those indicated by -f- and — . 

2d, When the ( ) is used, the indicated operations within 
are to be performed first, subject to the preceding direction. 

Ex. 1. —What is the result of 5x4-^2 + 6~3-f-12 
— 4-^ 2? 



Performing the operations indicated by X and -r, we have 

10 + 2 + 12 — 2, which is 22. 

2. Find the result of the .following operations : (5 + 4 -^ 
2) + (3 X 2 + 4 — 1) + 3 — (5 X 2 + 12 -^ 3.) 

Performing the operations indicated within the parentheses, we 
have 

7 + 9 + 3 — 14, which is 5. 
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Examples for Practice. 

Show the correctness of the following : — 



3. (6 + 8) X 5 = 70. 

4. 6 + 8X5 = 46. 

5. (8 — 3) X2 = 10. 

6. 8 — 3 X 2 = 2. 

7. 8 + 12-^-4 = 11. 

8. (8 + 12) -^ 4 = 5. 

9. (2+l)X(7— 2) = 15. 

14. 4X (5X 6-^3) + 10 = 50. 

15. (48 -^ 2 + 12) X 3 + (8 -5- 2 + 14 X 2) = ? 

16. 48-^(2 + 12)X (3 + 8)^2 + 14X2=? 



10. 3 X 8-^4X3 = 18. 

11. 3X8-^(4X3)=2. 

12. i4-i><l=i>l?=ll. 

9_|_3 8 — 2 
-13- ^H o- = 9- 



jipptications. 

1. A farmer sold 24 bushels of apples at 56 cents per 
bushel, and took his pay in codfish at 8 cents per pound. 
How many pounds did he receive ? 

first indicate the operations, and then cancel. Thns, — 

56X24 



8 



=5a X 3 = 168 pounds. 



2. If 7 books cost $63, how much will 9 booka cost? 

3. How much will 4 timeer 9 bushels of apples cost, if 12 
times 7 bushels cost $63.84? Ans., $27.36. 

4. How many bushels of wheat, at $1.20 a bushel, can be 
bought for 12 bushels of rye, at $1.10 a bushel? 

5. How many hats, at $5 each, can be bought for 25 pounds 
of butter, at 40 cents a pound ? 

6. How many bushels of rye, at 84 cents a bushel, must 
be given for 13 sacks of corn, each containing 3 bushels, at 
56 cents a bushel? Ans., 26 bushels. 
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7. How many vests, at $6 each, can be bought for 24 yards 
of broadcloth, at $2.50 a yard? 

8. What is the length of the longest curb-stones that will 
exactly fit each of four strips of sidewalk, — the first being 273 
feet long ; the second, 294 ; the third, 567 ; the fourth, 651 ? 

9. The junior class in a school consists of 132 students, 
and the senior of 99. How might each class be divided so 
that the whole school should be disposed in equal sections? 

Ans., Into sections of 3, 11, or 33. 

10. For what sum of money could a carpenter hire journey- 
men for one month at 15 dollars, 21 dollars, or 24 dollars 
each, allowing the whole sum to be thus expended ? 

11. A gentleman has a comer of ground, the sides of 
which measure 225 feet, 297 feet, and 369 feet. He wishes 
to inclose it with a fence having panels of uniform length. 
What must be the length of each panel? Ans., 9 feet. 

12. An upholsterer has 125 yards of cari>eting of one kind, 
175 of another, and 225 of another. He wishes to divide the 
whole into pieces of equal length, and the longest that can be 
obtained. Wliat must be the length of each piece? 

13. What is the smallest sum of money for which I could 
purchase a number of ploughs at 14 dollars each, or a num- 
ber of carts at 30 dollars each, or a number of wagons at 90 
dollars each ? 

14. A has 413 dollars, B 531 dollars, and C 590 dollars ; 
and they agree to purchase horses at the same price i>er 
head, provided each man can thus invest all his money. 
How many horses could each man purchase ? 

15. An island is 200 miles in circumference ; and three 
persons. A, B, and C, start together, and travel the same 
way around it. A goes 20 miles per day ; B, 25 ; and C, 40 
miles per day. In what time would they all come together 
again at the same point from which they started ? 

First find the number of days it would require each person 
fo go around the island. Ans., 40 days. 
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CHAPTER II. 

SECTION I. 

DEFINITIONS AND FUNDAMENTAL PRINCIPLES. 

110. A Frcustion is a number representing one or more 
of the equal parts into which a unit, or some number taken 
as a whole, is conceived to be divided. 

111. The number which indicates into how many equal 
parts the number is to be divided is called the Denominator. 

Denominator means namer; and it will be seen that the number of 
equal parts into which a thing is divided determines the name of one 
of those parts. Thus, if we divide a thing into 3 equal parts, the 
parts are called (denominated) thirds; if into 4, fourths; if into 13, 
thirteentliSj etc. 

112. The number which indicates how many of the equal 
parts are represented by the expression is called the Numer- 
ator. 

Numerator means numberer, and hence the appropriateness of the 
name. If 2-thirds are taken, 2 tells the number of thirds, and hence 
is the numerator f or numberer; if 6-sevenths are taken, 5 is the 
numerator, or numberer, etc. 

113. The Terms of a fraction are the Numerator and 
'Denominator. 
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114. Fractions are of two kinds, Common and Decimal. 

116. A Coimnon Fraction is written in figures by writ- 
ing the numerator above the denominator with a line between. 

For the definition of a Decimal Fraction see next chapter.. 

1. What does § signify? Into how man^'' equal parts is 
the division to be made ? What are such parts called ? How 
many of them are indicated ? What is the numerator ? What 
the denominator? What are the terms of the fraction? 

2. Explain, as above, the meaning of |, f , f , |, -^j, t^, 

3. Write in figures three-sevenths; four-ninths; one- 
thirteenth; 5-twelfbhs; 7-eighths; 11 -seventeenths; 123- 
three hundred fifty-sixths; two-tenths; 203-thousandths ; 
one-half. 

116. A Mixed Ninnber is an integer (8S) and a Frciction 
written in connection, and signifies that the two are to be 
taken together ; as 4§, 128J^. 

A mixed number is read by naming the whole number, and 
then the fraction. Thus 4§ is read " four and two-thirds ; " 
136| is read " 136 and f ; " etc. 

117. A Proper Fraction is a fraction whose numerator is 
less than its denominator. 

118. An Improper Frcustion is a fraction whose numer- 
ator is equal to or greater than its denominator. 

119. The Value of a fraction is the amount which it 
represents. Thus two fractions are said to have the same 
value when they represent the same amount of any thing. 

Illustrate by this divided line that J , , ^ , 

= I ; that f = i. 

Illustrate by this line that J = }; that 
i=}; that} = i; t = J = f ' 
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Fundafnent€U JPrincipies* 
120. Princnple I. — Multiplying the numerator of a frac- 
tion^ while the denominator remains the same^ multiplies the 
value of the fraction. 

Demonstration.^ — The reason for this is, that, as the numerator 
tells how many parts are represented, multiplying it multiplies the 
number of parts represented; and, as the denominator is not changed, 
the size of the parts remains the same. 

Ex. 1. — Show that multiplying the numerator of f by 2 
multiplies the value of the fraction by 2. 

Explanation. — Multiplying the numerator of f by 2, we have f . 
Now, f is twice as much as f , since f contains twice as many parts 
as f , and the size of the parts is the same in each case. 

Illustrate, by a line divided as 
in the margin, that 2 times f is ^ ^ 






f; i.e., that multiplying the 
numerator multiplies the frac- 
tion. 

Illustrate, by 4 lines divided into thirds, that 4 times 



4- 1 1 1 



L 






2-7. Perform the following, and give the ^■ 
explanation as above : f X 5 ; ^ X 4 ; 4 times ~" 



L 1 I 1 

^ ; 7 times ^ ; 128 times -^ ; 2145 times i r i 1 

AW- 

121. Principle II. — Dividing the denominator of a frac- 
tion^ while the numerator remains the same^ multiplies the 
value of the fraction. 

Demonstration. — The reason for this is, that it multiplies the 
size of the parts represented, while the number represented remains 
the same. 

Ex. 1 . — Show that dividing the denominator of | by 2 
multiplies the value of the fraction by 2. 

^ Let the teacher explain that a Demonstration is a condensed and formal presen- 
tation of the reasons for a statement. It is the argument which proves the statement 
tnie. 



] 
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Explanation. — Dividing the denominator of f by 2, we have f . 
Now, J is twice as much as }, since a thiixl of any thing is twice as 
much as a sixth, and there is the same number of parts in each case. 

Illustrate, by a line divided into six 
equal parts, that f is twice as much as J; , ^ . . 

i.e., that dividing the denominator mul- 
tiplies the fraction. 

2S. Prove and illustrate, as above, that, if the denominator 
of f be divided by 3, the result is 3 times f . In like manner, 
that^X3 = i. ThatT3gX4 = J, That 2>b\j X 10 = ^^. 
Thatjfe X 7 = |. 

122. Principle m. — Dividing the numerator of a frac- 
tion^ while the denominator remains tJie same^ divides the 
value of the frax^ion. 

Demonstration. — The reason for this is, that it divides the 
number of parts represented, while the size of the parts remains the 
same. 

Ex. 1. — Show that dividing the numerator of | by 2 
divides the value of tlie fraction by 2. 

Explanation. — Dividing the numerator of f by 2, we have f • 
Now, f is only J as much as f , since in ^ there are only ^ as many parts 
as in 4, while the size of the parts is the same in each case. 

Illustrate, by a line divided into 7 
equal parts, that ^ is J of 4; i.e., that i.28,4S6,7_ 
dividing the numerator divides the 
fraction. 

2. Divide |^ bj- 2. By 5. Give the reasons. 

3. Why is f i of I ? What part of J^^ is * ? 

4. Divide J by 3. By 2. By 6. 

123. Principle IV. — Multiplying the denominator of a 
fraction^ while the numerator remains the same, divides the 
value of the fraction. 

Demonstration. — The reason for this is, that multiplying the 
denominator divides the size of the parts, while the number remains 
the same* 
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Ex. 1. — Show that multiplying the denominator of f by 2 
diAides the value of the fraction. 

Explanation. — Multiplyiug the denominator of § by 2, we have 
|. Now, J is only i of |, since in f the parts are only J as large as 
the parts in }, while the number is the same in each case. 

Illustrate, by a line divided into 
equal parts, that } is ^ of |; i.e., that | , | , , 

multiplying the denominator divides 
the fraction. 

2. Divide | b^* 2. B}'^ 3. B3' 4. Give the reasons. 

3. Divide I by 4. By 6. By 12. 

124. Principle V. — Tlie value of a fraction is not altered 
by multiplying both terms of the fraction by the same number ^ 
or by dividing both terms by the same number. 

Demonstration. — Multiplying both terms of a fraction by the 
same number does not alter the value of the fraction ; because multi- 
plying the numerator multiplies the number of parts, while multiply- 
ing the denominator dimdes the size of the parts. 

If we divide both terms, we divide the number of parts, and mul- 
tiply the size, and hence do not change the value of the fraction. 

Ex. 1. — Show that the value of f is not altered by multi- 
pl3ing both terms b}' 2. 

Explanation. — Multiplying botli term3 of } by 2, we have J. 
Now, f represents twice as many parts as | ; but the parts are only ^ 
as large. Hence J = §. 

Illustrate, by a line divided into 6 123 

equal parts, that J = f * i ' ^ ' s ' 4 ' 5 ' 6 ' 

2. Show that the value of -^ is not altered by dividing 
both terms b}- 4. 

3. Whyis? = /8? WhyisiJ=|? Why is f = ^8? 

WhyisH = 2? 

4. Illustrate, as above, that ^ = ^. That | = i^. That 

? = A. That^f = f 
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125. Principle "VT. — The Numerator of a fraction may 
be considered as a Dividends, and the Denominator as a Di- 
visor of it, the value of the fraction being the quotient, 

Ex. 1 . — Show that -f^ ™^y ^ considered as 7 divided by 
11. 

If we take 7 things, and divide each into 11 equal parts, and then 
take 1 part from each 11, what part of the 7 have we ? How do we get 
3^ of any thing ? Then how many llths have we when we divide 7 
by 11? 

2. Show that f may be considered as 6 divided by 5. 



SECTION II. 

REDUCTION OF FRACTIONS. 

126. Beduotion is changing the form of an expression 
without altering its value. Thus, changing | into J is a 
reduction. 

To Lower or Ijowesi Terms* 

127. A fraction is said to be in its lowest terms whert 
there lis no number greater than 1 which will exactly divide 
both terms of it. 

To Reduce a Fr€Mtio>iii to Us Lowest Terms. 

128. Rule. — Reject all common factors greater than 1 
from both terms ; or divide both terms by their greatest com- 
mon divisor. 

Demonstration. — To reject a factor is the same as to divide by 
that factor. Hence rejecting the common factors does not change 
the value of the fraction (Prmcipfe V,); and, when all the common 
factors are i*ejected, the fraction is in its lowest terms, according to 



BEDUCTION TO LOWEST TERMS. 



109 



Mental Exercises. 

Reduce the following to their lowest terms mentally, giving 
the reason in each case : — 

Ex. 1 . — Reduce ^^ tp its lowest terms. 

Explanation. — Since 3 is a common divisor of both terms, we 
divide the terms of the fraction by 8, and have f . That \^^-^\^ 
evident, since the parts (fourths) in f are 3 times as large as the parts 
in yV (twelfths), and we have \ as many parts in f as in ^%. 



2. A. 


8- M- 


14. 18. 


20. t«. 


3. A. 


9. J^. 


15. ^. 


21. §M. 


4. A- 


10. ii. 


16. §|. 


22. T«^. 


5. -^. 


11. ?i. 


17. T^. 


23. iS^. 


6. H. 


12. H- 


18. ft- 


24. 2»ife. 


7. i^. 


13. H- 


19. H- 


25. i§8. 



26. Reduce §f| to its lowest terms. 

Suggestion. — As it is not easy to see what is the greatest com- 
mon divisor of the terms of this fraction we proceed thus: — 



9) 



='w=*'ii=f 



This process consists in dividing the terras successively by any 
number which will divide them both. These operations do not change 
the value of the fraction by (124); and, when there is no niunber 
which will exactly divide the tenns, the fraction is in its lowest terms 
by (127). 



Writ ten Exercises. 
Show the truth of the following : — 



27. 


H-h 


31. ii^ = H- 


35. 


m f- 


28. 


m-%- 


32. m-A- 


36. 


Mz — ^• 


29. 


iM-|. 


33. m-h 


37. 


t¥^ - A- 


30. 


Hl-T^- 


34. Tfift- ?. 


38. 


m -\h 



no 
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Reduce the following to their lowest terms : 



39. m- 


48. m- 


57. iff. 


40. m- 


49. HI- 


58. ffff. 


41. m- 


50. isyyfe. 


59. Wl- 


42. SIf. 


51. m- 


60. H4iW- 


43. Uh 


52. #H|. 


61. Mfg. 


44. Hi- 


53. ma- 


62. im. 


45. im- 


54. m»- 


63. mu- 


46. m- 


55. BSa- 


64. He. 


47. m- 


56. W^. 


65. -^^W^. 1 



66. 


tMtt- 


67. 


sViT' 


68. 


zaSo* 


69. 


ies- 


70. 


JafSs* 


71. 


^\' 


72. 


m- 


73. 


§f«. 


74. 


M- 



To Redtuse an Improper Fra^eiion to a Whole or 

Miaced Number. 

129. Rule. — Divide the immerator by the denominator. 

Demonstration. — As the denominator shows into how many equal 
parts a unit is conceived to be divided, it shows how many such parts 
make a unit. Hence, dividing the number of parts represented by the 
fraction — i.e., the numerator — by the number of parts which it takes 
to make a unit, — i.e., by the denominator, — we find how many units 
are represented by the fraction, and how many parts (if any) remain. 

1. Reduce x^ to a whole or mixed number. 

Solution.^ — Since 13 thirteenths make one unit, 125 thirteenths 
make as many units as 13 is contained times in 125. 125 -^ 13 = 9 
and 8 remainder. Hence ^ = 9^. 



Mental Exercises. 

2-21. Reduce the following without writing, giving the 
solution as above rj; §; \\ ^\ ^\ ^\ ^\ ^\ ^\^\ 

V; ¥; ¥; ¥; W; V-; V-; iS; ¥; ¥• 



1 Teacher explain that a Solntion is a formal statement of bow an example is per- 
formed, and the reaaonn for each step. It is the explanation. 



BEDUCTION OP MIXED NUMBERS. 



Ill 



Written Exercises. 

Reduce the following to whole or mixed numbers, giving 
the explanation as above : — 



22. W=15A- 

23. J^=12i|. 

24. w= m- 

25. :^ = 27J. 

26. -4i-=12J. 



27. fl^. 

28. -41^. 

29. -W^. 

30. JL||a. 

31. i^-a. 



32. ^^j^. 

33. W/^- 

34. J^. 

35. \%. 

36. W/- 



37. ^Sga. 

38. Ajjjja. 

39. ^flja. 

40. 4F- 

41. SJ. 



To JSa<luc6 a Whole or Mixed Number to an Improper 

Fra^ction. 

130. Rule. — Multiply the whole number by the denomi- 
nator of the proposed fraction, and to this product add the 
numerator of the given fraction (if any) , and write the result 
over the proposed denominator, 

[Let the pupil write out a demonstraticm.] 

1. Reduce 7ft to elevenths. 

Solution. — As there are 11 elevenths in 1, in 7 there are 7 times 
11 elevenths, or 77 elevenths. Now, 77 elevenths and 2 elevenths 
make 79 elevenths. Hence 7f^ = \{. 



Mental .Exercises. 

Reduce the following to improper fractions without writing 
the work. Give the solution in form as above. 

2-20. 8f; 5.2; 4^; 9|; 8^ ; 7^; 5^; 12f;llt;4f: 7^ ; 
6J; 12|; 14f; llj ; 9 ^ ; 8,% ; 4^*^ ; 2^j^js. 

21-24. How many thii1;eenths in 5? In 8? In 11? In 
3? 

25-31. Reduce 7 to thirds ; 3 to fifths ; 6 to halves ; 13 to 
7ths ; 8 to 4ths ; 10 to lOOths ; 11 to liths. 
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Written JS^xercises. 

Reduce the following to improper fractions : — 



32. 23J. 


38. 124^. 


44. 1^. 


50. 343^. 


33. 5^. 


39. 3423. 


45. 2ig-f. 


51. 87T^e- 


34. 16§. 


40. .200a. 


46. 3j^. 


52. 3f?i. 


35. 17i^. 


41. 1256?. 


47. 5^. 


53. lOx^o. 


36. 57r\. 


42. 48-1^. 


48. 1^%Q. 


54. 9t?o. 


37. 81J. 


43. 2Jfi. 


49. 13x84(j. 


55. li^. 



Common Denominators. 

131. Fractions are said to have a Common Denominator 
when their denominators are alike. 

132. Prinoiplo. — A frdction Tnxiy he reduced to an equiva- 
lent fraction having a denominator which is any multiple of 
its own by multiplying both terms of tJie fraction by tJie otJier 
factor of the required denominator. 

This is evident, since it does not change the value of a fraction to 
multiply both its terms by the same number (124). 

Ex. 1 . — Reduce § to 6ths. 

Solution. — Multiplying the denominator by 2, the fraction repre- 
sents 6ths; and, in order to preserve the value of the fraction as at 
first, we multiply the numerator also by 2, obtaining | (124). 



Illustrate by a line divided as in 
the margin. 



2 



1 ' 2 ' 8 



4 ■ B ' 6 



Mejilai Exercises. 

2. Reduce ^, f , and §, each to 12ths. 

3. Reduce J, J, |, and -j^ij, each to 20ths. 

4. Reduce |, §, and §, each to 18tlis. 

5. l^eduoe j, |, ^,' 2^01 and f\j, to 40ths. 



BEDUCTION. — COMMON DENOMINATORS. 
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lb Reduce Fr€ieHan8 to Equivalent Ones having a 

Camnwn Denan^inatar. 

133. RiJle. — Multiply 'both terms of each fraction by the 
denominators ofaU the other frax^ions. 

Demonstration. — This gives a common denominator, because 
each denominator is the product of all the denominators of the sev- 
eral fractions. The value of any one of the fractions is not changed, 
because both numerator and denominator are multiplied by the same 
number (124). 

6. Reduce ^, |, and f to equivalent fractions having a 
common denominator. 



Solution. — Multiplying both terms of f by 3 and 5, we have 

T X 8 X 6 = TO V 

In like manner, | >< J J< | = ^^. 

Soalso, imi = ^. 



The denominators are all alike, because each is the product of 7, 3, 
and 5. ^^ = f , because it arises from multiplying both terms of f 
by 15, which does not change the value of the fraction according to 
(124). 

In like manner, show that ^j^ = f , and -^ = f . 

Reduce the following to equivalent sets of fractions having 
common denominators, and give the explanation as above : — 



7. A, 


h 


5. 






12. -ft' iVi 5- 


8. h 


t' A- 






13. h h h f- 


9. t. 


h |. 






14. H, +8. 


10. i. 


ii A- 






15. «f, T^. 


11- 1^, 


tV, 1- 






16. lb. lir- 


PerfoiTii 


I the following menta 


Uy : — 


17. 1, 


«• 


19. 


1. 


h 


21. f, t. 


23. §, i. 


18. f, 


?• 


20. 


¥, 


i- 


22. f, i. 


24. i, %. 
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To Reduce Fractions to Equivalent F'ractions having 
the Least Common JOenotninator* 

184. Bule. — Find the Least Common Multiple of all the 
denominators fin* the Least Common^ Denominator, Then 
multiply both terms of each fraction by the quotient of the 
Least Common Multiple divided by the denominator of that 
fra4)tion. 

Demonstration. — The purpose for \yhicli we get the least com- 
mon multiple is, that we may know what the least number is which 
can be produced by multiplying each denominator by some number. 
Then we divide this least common multiple by each of the denomi- 
nators in turn to find by what both terms of each particular fraction 
must be multiplied, in order to reduce the fraction to one having this 
least common multiple for its denominator. That the values of the 
fractions are not changed is evident from (124). 

N.B. — This rule presumes all the fractions to be in their lowest 
terms. 

1. Reduce |, f, and/^ to equivalent fractions having the 
least common denominator. 

Solution. — The least common multiple of 6, 8, and 12 is 24 
(107). Now, to make the denominator of { 24, we must multiply it 
by 4; but, to preserve the value of the fraction, we must multiply the 
numerator also by 4. Hence we have f J J = IJ. 

In like manner, f ^ { =: ^. 

And A?i = it- 

[The pupil tell why i = 4}, j = A» and ^ = if ) 

Reduce the following fractions to equivalent sets of frac- 
tions having the least common denominators, performing 
mentally all that you can : — 



2. h 


§. 




7- h tV- 


12. i, 


h 1- 


3. A, 


^u, 


|. 


^* t\j) xio' 


13. t\. 


ih U- 


4. i. 


h 


h T^* 


9- h ¥. A, A- 


14.s\j, 


I'wJT^^' 


5. A, 


TtSJ 


*•. 


10- h h h A- 


1^* A» 


*» iit 


^•ai> 


3^> 


A- 


11. h A- 


16. i. 


t> T^* 
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SECTION III. 

ADDITION AND SUBTRACTION OF FRACTIONS. 

To Add or Subtract F^ractions. 

135. Bule. — Reduce the fractions to equivalent ones hav- 
ing a common denominator {if they have not such denomi- 
nators at first) ; and then add or subtract the numerators as 
any other numbers^ writing the result over the common de- 
nominator. 

Demonstbatioit. — Reducing the fractions to forms having a com- 
mon denominator does not change the values of the fractions, and 
hence does not change their sum or difference. When they have lilce 
denominators, their numerators represent parts of the same kind, 
and hence can be added or subtracted. 

1. What is the sum of f, J, and ^1 

Solution. — Reducing these fractions to forms having a common 
denominator, we have J = ^^, j = \^. Hence, if we find the sum of 

i\* H« ^^^ 'h^ ^^ ^^^^ ^^ ^^^ ^^°^ ^^ }) i' ^^^ "h^ since the former 
are equivalent to the latter. 

Now, A + i^ + iV^?"!' ^®r t^®y represent 8, 10, and 7 things 
all of the same kind; viz., 12ths. Finally the improper fraction 
!i =2t>J by (129). 

Perform the following additions, redacing the results to 
mixed or whole numbers when improper fractions arise, and 
to their lowest terms when they are proper fractions : — 

2. « + ? + ■i*5- Sum, li\^. 

4. A + A + i + i. Sum, \m- 

o- i + § + i + *• Sum, 2J. 

6- I + 1+ ? + |. Sum. ^i- 



116 



COMMON FRACTIONS. 



7. f +f -f-T^+i. 

8. ? +t + A + A- 

10. I +J:f +¥ + ¥ + !• 

11- H'-^n+H^- 



12. f + f +1. 

13. I + § + J. 

14. ¥ + ¥ +A. 

15. V + i^ +Jii. 

16. J-p + 4^ _|_ ijft. 



17. Subtract f from ^. 
Suggestion. { = A- Hence H — I = H — A = A- 



Perform the following subtractions, 
be done without writing. 



Most of them should 



18. J —J. 




24. 4 -?. 


30. 


iV - |. 


19. J — i. 


25. ii — §. 


31. 


H —1^. 


20. t — 5. 


26. T^V - iW. 


32. 


¥ - J. 


21. ii-f. 


27. ^?-T?ir. 


33. 


J;f^ — ¥• 


22. V — f. 


28. 1* — ^. 


34. 


^F - i- 


23. V' — i. 


29. iVi- — ^. 


35.. 


■-Vi^-ift. 


Perform the following mentally' : — 






36. i + §. 


40. i+4 + i. 


44. 


i + f 


37. J — J. 


41. ii-|. 


45. 


i-|. 


38. i + i. 


42. H - §. 


46. 


V-f. 


39. J — i. 




13. S+i + |. 


47. 


^ + B. 



To Add Mixed Numbers or Whole Numbers and 

Fractions. ♦ 

136. Rule. — Add the fractions firsts reducing the result^ 
if an improper fra^ion^ to a mixed number ; and^ writing the 
fraction thus arising^ prefix to it the sum of the integers and 
the integer {if any) arising from adding the fractions. 

Mixed numbere may be reduced to improper fractions, and then 
added; but this is not a desirable method. 

1. Add 4'i and 5f . 



35 




126f, 


20 


15i, 


25 


48t, 


24 


9A> 





ml 
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SuooBSTioir. — Addiug the fractions, we have f 4~ f = ^i 

i = 1^. Writing the ^ as a fraction, and adding the integer ^f 

1 to the integers 4 and 5, we have lOj^. 10^ 

2. Add 5^, llf, and 24^. 
What is the sum of ^j |, and ^ ? 

3. Add 214J, 5175^, and 145^1^. 

4. Add 3§, 17f , 28t^. Also 4i, 1§, 2^^, f. 

5. Add 3^, 17f , and 43ft-. Also 3|, 2^. 

6. Add 126, 13§, 40f , and 7^. Also 5? and ^. 

7. Add 35, 126§, 15|, 58^, 9^, 861^. 

The annexed is a convenient form for such 

operations. Having written the numbers in 

the ordinary way for addition, write the least 

common denominator to which all are to be 4^^^ 24 dOths. 

reduced (30 in this case) at the right, and the 

new numerators in order for addition. In 

this case we see that the sum of the fractions ..^^i oa oi 
• 06 01 * ^^H M=3t. 

wH>or3t, etc. 

To Perform Subtraction when both Whole Numbers 

and Fractions are involved* 

137. Rule. — First take the fraction in the subtrahend 
from that in the minuend, or, if the latter fraction be the 
smaller, from it increased byl; and then subtract the remain- 
ing integers, prefixing tJie latter remainder to the former. 

8. From 256| take 117^. 

StftoKSTiON. — Since J = J, we have 256f — 117|. J ^ 
from \ leaves f or ^; and 117 from 256 leaves 139. ^^3 
Hence 256f — 117j = 139j. "^^^ 

9. From 34f take 16^. 

10. From 83^^ take 27f . 

11. From 157f take 68|. 

SuGGESTiox. — As fj is Icss than ||, we take « _ .^ 

l=if from the 7, which with the H makes !!!Z ^ 

H. Then taking ^ from J|, and 68 from 156, ^^ "" -^ 

there remains 88j|. ^^^ 
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12. From 7f take 3f . From If take f . 

13. From 13 take 9f . 

Suggestion. — As there is no fraction in the minuend, we 
take one of the 3 units from which to subtract the } in the 
subtrahend. } from 1 (}) leaves ^, and 9 from 12 leaves 3. 
Hence the remainder is S^, 

14. From 286 take 156-ft-. From 5 take f . 
.15. From 11 take f . From 11 take 3?. 

16. From 6f take 4. From 1 take ^. 

17. From 81| take 43. From lOf take f . 
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Sxatnplet for i'ractice. 



1. 12f + 28| + 15|? 

2. 45f -I- 56^ -I- 38i ? 

3. 15+? + 4t!^? 

5. 3461 + 48x^7? 

7. 7i + 8f + 4f? 

8. 4|-|-1| + 2J? 
9- 7i + 9i + 8f? 

10. 6|4-8| + i§? 

11. 6i + 122^ + 9A? 

12. ^ + 5J + 4H? 

13. 24^ — 8f? 

14. 42J_6|? 

15. 54i — 21f? 

16. 55^ — 38^? 

17. 36^_18|? 

18. 39f — 33i? 

19. 5J4-2i — 3i? 

20. 4f — 2i+H? 

21. 14 + 6J — 9i? 

22. 2^_5^ + 3J? 



23. 6^ + 3^ — 6,^?* 

24. 7^ — 2^ — J?. 

25. i + ^ + l-f? 

26. ? + T^ + f + f? 

27. * + f-f + f? 

28. 4^-l-f — f-|-6i? 

29. 4^ + f-(? + f)? 

30. 24 — f + t— (^-1-9)? 

31. f + 1134-A-(6+9)? 

32. ^4-12 — 11+3 — 2? 

33. t + 13-(6J-f)+*? 
84. 8f+ll — (3 — 2)+^? 

35. (14 + f+f-f)-4f? 

36. 1+ (16^-1)-^+!? 

37. f+(f-?) + (f+f)? 

38. 5f + f-f+(f + 13)? 

39. 6X5 + ^- 4f? 

40. f + i + i-*? 

41. f+f + » + t + f? 

42. t + i + f-f + tV? 

43. t + 6t-t + f + TV? 

44. 4 + f + 6|-(f + f)? 
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45. f + U — (12f — i) ? 

48. f + ie-W-lrC?— ft)? 

49. (S+12J)-^ + |? 



50. ! + *-§-? + ♦? 

51. (13-lJ)+f + ^? 

52. (ll+i)+f_J? 

53. 5 + ^ + i — §? 

54. (8-5-U) + (3-s-9)? 
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MULTIPLICATION OF FRACTIONS. 

To MuUtply a PraetUtn by em Integer. 

138. Rule. — Multiply the numerator, or divide the de- 
nominator, hy the integer. 

This is tlie same as Principles I. and 11. (120, 121). If necessary, 
review tliose, and solve the following, giving the explanations as in 
those articles: — 



1. ^ X 3 = what? 

2. I X 2 = what? 

3. iiX 7 = what? 

4. ^X 12 = what? 



5. iff X 264. 

6. ^ X 81. 

7. m X 91. 

8. -ftWr X 500. 



9. -ft X 4. 

10. -^ X 25. 

11. ^ X 12. 

12. OH X 286, 



13. Multiply -fg by 40, using the factors of 40 ; viz., 6 and 5. 

Suggestion. Ax8a=|, andf X 5= V =7^. Hence ^X 40 
= 74.* What principles are used ? What In multiplication? What 
(too in fractious ? 

Solve as above, and explain the following : — 



17. H X 15. 

18. 1X6. 

19. T»rX21. 

[Let the pupils write a rule for this case; that is, when the multi- 
plier contains a factor which is also a factor of the denominator of 
the multiplicand.] 



14. A X 24. 

15. H X 27. 

16. tbV X 50. 



20. m X U7. 

21. AV X 60. 

22. T^ X A. 
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23. Multiply 12f by 9. 

Suggestion. 9 times f are ^, which is 3 and f . 9 12f 
times 12 are 108; to which adding the 3, we find that 9 

9 times 12^ are lllf lllf 

Solve, as above, the following, performing such as you can 
mentally : — 



24. 23f X 11. 

25. 137Ji X 12. 

26. 2i X 5. 

27. 5i X6. 



32. 482? X 126. 

33. If X 10. 

34. 10^ X 6. 

35. 16i- X 8. 



28. 3472J X 7. 

29. 126Hf X 23. 

30. 4^ X 8. 

31. 5f X 4. 

[Let the pupils torite the rule, and state the case.] 

36. Multiply f by 5. 

Suggestion. — If we divide the denominator by 5, according to 
the rule, we have f , or 3. Or, if we multiply the numerator, we have 
•y, or 3. Hence we see, that, 

139. To multiply a fraction by a number equal to its 
denomincUoTj we simply drop the denominator, 

87. What is} X 7? § X 3? i§Xl3? 4JX2? 



To Multiply by a Fraction. 

140. Hule. — To multiply by a fraction^ divide the multi- 
plicand by the denominator of the multiplier^ and multiply the 
result by the numerator. 

Demonstration. — Since to multiply by any number is to take the 
multiplicand as many times as is indicated by the multiplier, to mul- 
tiply by f is to take f of the multiplicand; i.e., to take \ 3 times. 
Sence we divide by the denominator to get the part of the multipli- 
cand to be repeated, and then multiply by the numerator to repeat this 
part the required number of times. 

Ex. 1. —Multiply 12 by ^. 

Solution. —To multiply 12 by | is to take | of 12. Now, \ of 12 
is 2: hence j is 5 times 2, or 10. 
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2. Multiply § by ^. 

Solution. — To multiply | by f is to take f of |. Now, | of | is 
^l : 1 hence J^ is 5 times ^, or J^. 

How is a fraction divided by 7 ? (See 122.) 
How is a fraction multiplied by 5 ? (See 120*) 

3. Multiply 17 by |. 

SoLifriON. — To multiply 17 by { we would divide by 6, and mul- 
tiply the result by 5, but, as the order of operations is immaterial, 
we may multiply first, and then divide. 5 times 17 is 85, and | of 85 
isl4i. 

This method may also be analyzed on the 
principle that f of a number is the same as 
i of 5 times that number. 

Show from the annexed cut that } of 1 is 
the same as )^ of (each of) 2. 

Show also that | of 1 is the same as \ 
of 3. 

If you divide each of two lines into 4 
equal parts, and take 3 parts from each, how 
many parts have you ? If you divide each 
of 6 lines into 4 equal parts, and take 1 part 
from each, how many have you? Show, 
by dividing lines in this way, that f of 2 is 
the same as |- of 6. 

Mental JSxercises. 

Solve the following mentally, performing the operations by 
division as far as practicable. Give the explanations as 
above in each case. 



4) 4) 



4. 12 X f . 

5. 13 X h 

6. H X i- 

7. H X |. 

8. 28 X }. 

9. 17 X|. 



Prod., 9. 
Prod., lOf. 

t Xf. 
HX|. 
16 X*. 
27 Xt- 



10. 


f X?. 


16. 


? xf. 


11. 


* xf. 


17. 


■ftrXf. 


12. 


^xh 


18. 


AX|. 


13. 


HXh 


.19. 


i xi. 


14. 


15 Xf. 


20. 


20 Xi. 


15. 


31 X?. 


21. 


11 Xi- 



1 Bead •« 2.twenty-firsU," etc. 
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14l« The rule for multiplying one fraction by another is some- 
times given thus: Multiply the rmyneratora together for the numerator 
of the product, and the denominators together for ilie denominator of 
the product. 

Can you give the reasons for this rule ? They are just the same as 
for the rule (140). How does multiplying the numerator of the 
multiplicand affect the multiplicand? How does multiplying the 
denominator of the multiplicand affect the multiplicand ? 

22. Multiply f by f by this rule, and give the explanation. 

Reasons. — Multiplying the denominator of f by opbratiok 
4 divides 4^ by 4 (128), and hence gets } of it, which s v^ s __ 1 6 
is the part to be repeated. Then multipljing the 
numerator by 8 repeats this part the required number of times (120). 



Perform and explain the following : 



23. -^ X T%« 

25. f X *. 

26. 184 X f. 



27. 300 X ft. 

28. 72 X |. 

29. 53 XW- 

30. 256 X m- 



31. 1000 Xt%x5* 

32. iJ X H- 

33. W X lb. 

34. M^ X W- 



142. By CaneeiUUion. 

Ex. 1. — Multiply^ by ff. 



Solution. 



10 w 28 10 X28 



_W v> ^O ^_ J 

1 ^ 16 S 



21X15 



Now, we caji see a factor 5 in the 



10 in the numerator, and also in the 15 in the denominator. Reject- 
ing this factor from the numerator divides it by 5, and rejecting it 
also from the denominator divides it by 5. Hence, if we reject it 
from both, we shall not alter the value of the fraction (124), Thus 
we have |^-^ = Ax^s ' Again: we see a factor 7 in the 28 in the 
numerator, and also a factor 7 in the 21 in the denominator, which 
can be rejected for like reason with the .5. (What is the reason ?) 

Thus we have 21x8 ^^ slTs ^^ 9* 
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2. Multiply together the three fractions |, ^^, and /j. 

Opekatiox. 

8 w IJ w _T_ 8 X ^^x / ^ 

4 '^ 8 5 '^ 84 4xlrirxjf? 4 0* 

5 S 

Explanation. — Observhig the factor 12 in the mimerator, and a 
hke factor in the 24 in the denominator, we cancel it, leaving a factor 
2 in place of 24 in the denominator. This does not change the vahie 
of the result.' (Why?) lu like manner we cancel the 7 in the 
numerator, and the same factor in 85 in the denominator. (Wliy ?) 
As there arc now no common factors, we pei'form the indicated mul- 
tiplications, and have -^ as the pixxluct. 

3. Perfonn by cancellation i^X^XiX^XV-- 

Operation. 

8 

JL5v-i-vlvlv2I <0 X 3 XIX I x;f X 8_ 

hAjqAjA^a 5 iTx^<ixXxjFx f 44* 

2 8 

Pupil trace the process, and give the reasons. 

4. What is g of f ? 

Obsei-ve that to multiply by | is to take i of a numljer, or to take 
\ 3 times. Hence j of ^ is ^ X { ; or, since in multiplying it is im- 
material which of the factors we use as the multiplier, { of i is the 
same as { X 4- 

143 • Fractions connected by the word "of*^ are aometimes called 
Compound Fractions. This '^ of " is simply equivalent to the 
sign X« 

Perfonn the following by cancellation : — 



5. fof i of ^of f =287. 

6. I X I X it X /f X *. 

7. 8XVXAXAXS. 

8. 15X ? X t X i XtV. 



9. lof^fof/fOfJf 

10. J of i of 12. 

11. iofi; ioff; Jof f 

12. 30X1X^X^2. 



Perfonn tlie following, first i-echiciug the mixed numbers to 
improper fractions : — 



13. 5fX4f = 25i5. 

14. 8 X2|X^XAX2fz=: 

15. 8$X2AX3iXlG§ = 



16. A'iXol = 

17. 2fX3J= 

18. 7i^X4i. 



{ 



124 



COMMON FRACTIONS. 



Two mixed numbers may be multiplied 
as ill the margin. See if you can trace the 
process. 



4| 

O 



20 + V- + ¥ + A = 24 



19. Multiply j^5 b}' J b}' cancellation. 

Suggestion. — We have jf^' Now, as both the :3 and 7 are 

5 

cancelled in the numerator, what remains ? Is the numerator of the 
product ? No. If we remember that cancellation is only dimdiwj 
the tenns of the fraction by the same number, we shall see that really 
there is a factor 1 to be understood when we cancel 7, and also when 
we cancel 3; so that the result would be \~\ = J. 

20-23. Perform the following : t X fi X i X $ ; * X !i 
X f X 4 ; 4 X I X 35 ; ^ X V X 10 X i- 
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To JDifHde a JFractian by an Integer* 

144. Rule. — Divide the numerator ^ or multiply tJie de- 
nominator, by the integer. 

This is the same as Principles III. and IV. (122, 128). If neces- 
sary, review those, and solve the following, giving the explanations 
as under those articles: — 



1. ?- 


^5 — what? 


6. m-^ 


r-7. 


11. V- -^ 


hlO. 


2. -y- 


i-4 — what? 


7. Hh 


-7. 


12. If H 


r- 13. 


3. |H 


r 3— what? 


8. M- 


r- 151. 


13. llfH 


r- 111 


4. AH 


h 2— what? 


9- ^1r- 


hl9. 


14. HI - 


■-93. 


5. fi-i 


1-5 — what? 


10. ,i - 


5-5. 


15. m -s 


1-20. 
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To Divide by a Fraction* 

145. Principle. — A "Fraction inverted shows how many 
times that fraction is contained in i. 

Ex. 1. — How many times is f contained in 1 ? 

Solution. — Since there are 6 sixths in 1, \ is C()ntaine<l 6 times 
iu 1. And, as I is 2 times \, } is contained in 1 only ^ as many times 
as I is. Hence { is contained i of 6, or 3 times in 1.^ 

146. The Beoiprocal of a numl)er is 1 divided b}" that 
number : hence the Reciprocal of a fraction is tlie fraction 
inveiied. 

2-10. Find how many times eacli of tlie following is con- 
tained in 1, and give the solution in eacli case : | ; ^ ; ^3 ; 

147. Rule. — To divide by a fraction^ inveH the divisor, 
and midtiply the result by the dividend. 

Demonstration. — ^The divisor inverted shows how many times 
the divisor is contained in 1. Tlien in 2 it will be contained 2 times 
as many times as in 1; in 3, 3 times as many times; in 4, 4 times as 
many times; iu |, f as many times; in f» f as many times, etc. 

Ex. 1. Divide 11 by f . | 2. 11 -f- §. | 3. 7 -5- » . 

Solution, f is contained \ times in 1, and in 11 it is contained 11 
times as many times as in 1. Hence 11 -r- f = 11 times } = V- = 25|. 

4. DivideSby jV I 5. f h-|. 1 6. ^-i- %.\ 7. i -s- g. 

Solution, -{i is contained ^ times in 1, and in f it is contained } 
times as many times as in 1. Hence | -r- 1\ = f times V = i i =* ^ i'* • 

Perform the following, giving the solution in full : — 

1 This is but dividing successively by the factors of the divisor according to (84). 
Thus, to divide 1 by }, wo divide successively by } and 2. 1 -^ } = 3, and 3 -h 2 = |. 
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8. 8 -4- g —36. 


16. 12 ^ 


-A. 


24. 5 -1 


- «. 


9- f - A 2A- 


17. H - 


i-«. 


25. J ^ 


- i. 


10. 4^4 


18. 1 H 


^ i- 


26. § H 


- ^ 


11. 11 H- § 


19. 127 -i 


-A- 


27. 1 H 


- h 


12. 17^ 1 


20. 43 -i 


- i- 


28. Tfr- 


-A- 


13. «-4- 1 — 


21. 71 -4 


- i- 


29. 10 -i 


-*• 


14. }-s-A = 


22. ,85 H 


J- A* 


30. 100 H 


i-it. 


15. f -i-A:l= 


23. tS, -i 


- h 


31- tJa ^ 


H^ 



32. Divide 4f by |. 

Suggestion. 4| = ^. Now, ^-r'\ = ^X f=e- 

148. W%en mixed numbers occur in dividend or divisor^ 
reduce them to improper fractions^ and then proceed as usual. 

Perform the following, reducing the mixed numbera to 
improper fractions, and then, putting the operation in the 
foim of a problem in multiplication, cancel^ as much as 
possible : — 



33. 10^ -^3^. 

34. 15i-^6J. 

35. 1 A - A. 

36. ll?-4-7H. 



37. 425 -4-4+^. 

38. ^^, ^ 4+. 

39. H -^1*- 

40. 121^-^-23^. 



41. 25J-5-2J. 

42. 122-f-7|. 

43. Jj? ^ ». 

44. ^ ^l. 



Campiex Fractions^ 

149. An egression in the form of a fraction ha>4ng 

a fraction in its numerator or denominator, or in both, is 

4 i 41. 
called a Ck>mideiE Fraction; as j^ |, -^ , etc. 

150. A fraction with a whole number for a numerator and 
a whole numb^ for a denominates: is ci^ed a Simple FraOi^ 
tion; asf, |, V^, etc. 
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To Seduce a Complex Fra>ction to a Simple Fraction. 

151. Bule. — Multiply both terms of the complex fraction 
by the least common multiple of oM the denominators of the 
paitial fractions. 

Demonstration. — This does not alter the value of the complex 
fraction, according to (124). It destroys Uie deuominatoi's of the 
partial fractions, because, to multiply a fraction by a number equal 
to its denominator, we simply drop the denominator (139); and, as 
the multiplier contains each denominator of a partial fraction as a 
factor, all the denominators will disappear in the process. 

% 
Ex. 1. — Reduce ^f- to a simple fraction. 

"ft" 

Solution. — The least common multiple of and 12 is 36. Hence 



we have 



2 



X36 g 
?or 



I X 



4 X0 



^2X36 



j^XXfXS 



= h- 



Reduce the following Complex fractions to simple fractions^ 
whole or mixed numbers : — 



2. \ = 6. 

Iff 

3. | = 2f. 
3i = 

7 !I- 

5f- 



8 -^-i- 

°- T — ^ 



9. 



5 00 

m 



f 

11 M 

12. — . 
3f 



14. 
15. 
16. 
17. 



19. 



121^ 
327| 

§ 
111^ 

m 

■ . 

11141 
56^ ' 



18 1^ 



141^ 
58J- 



' Tt is not neceesary nor best in such cases tu reduce the mixed numbers to Im- 

21X8 21 3 

proper fiuctiouB. In this case multiply both terms by 8i thus, = — s -. 

' 3iX« 28 4 
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1. 



toM _ 



1* 
3 * + ♦ 






MisceUan£Qus Mxercises, 






8. 



Zi 
i 



7. 'J-^ 



A' 



12f — 3f 
g 5iX2t 



12. 



10 ^* » 
^"- 7i~35' 

11 /l^iN-i-a 



2^ 



19* ^8 A- 
13 12f-7i 



162. FOR MENTAL SOLUTION. 

1. Three rolls of butter weigh severally IJ lb., 2^^ lb., 
and If lb. What is the total weight? 

2. Wliat is the sum of $ll|^ and $1^? Express the 
result in dollars and cents. 

3. From a piece of sheeting containii^ 31 J 3'd., I sold 8| 
yd. How much remained? 

4. What part of any thing is \ and ^ of ^ of it? What is 
a third and a half a third of 10? Of 8? Of 9? Of 11? 

5. Wliat cost If lb. of steak, at 12 J^ per pound? 

6. Wliat cost a dressed turkey weighing llf lb. at 12^ 
per lb.? At8/zf? 9/zf? 10^? 12^^? 

7. How man}' cents in ^ a dollar? J? J? i? 4? |? j*^? 

2\)? 5^? li? U? ^V 2i? 2|? 2f? 

8. One is what part of 2? Of 3? 4? 5? 6? 7? 

9. What part of 3 is 2? 

Solution. 1 is } of 3; and % being 2 limes as great as 1, is 2 times 
as great a part of 3 as 1 is. Hence 2 is 2 times \y or \ of 3. 

10. What part of 7 is 5? 3? 6? 2? 4? Give the 
solution as above. 
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11. What part of 13 is 3? 2? 10? 9? 12? 

153. We observe that aJl we have to do, to ascertain what part 
of one number another is, is to write the former as the denomi- 
nator^ and the latter as the numerator, of a fraction. 

Of course we should always put results, when fractions, in simple 
fractions, and these in their lowest terms. 

12. What part of 16 is 12? 

13. What part of 8 is 2J ? Ans., ~ = J. 

o 

14. What part of 100 is 25? 10? 5? 16? 12^? 66f? 
62i? 37^? 6i? 16f? 

15. What part of 18 is 12? 6? 4? 2? 3? 5^? 5^? 

16. What part of | is f ? Ans., f = i* 

17. What part of^ is i? 

18. What part of | is J? 

19. What part of lis ^? 

20. How many times f is f ? Ans., - = 2f . 

21. How many times f is j^^? 

22. How many times fV ^^ |^ ? 

23. What part of a jear (52 weeks) is 13 weeks? 26 
weeks? 24 weeks? 12 weeks? 14 weeks? 6 weeks? 

24. 320 rods make a mile. What part of a mile is 40 
rods? 80 rods? 120 rods? 60 rods? 

25. There are 3 feet in a yard, and 12 inches in a foot. 
What part of a yard is 4 J inches? 9 inches? 18 inches? 
27 inches? 4 inches? 8 inches? 2J inches? 6 inches? 

26. In the common grocer's weight, 16 ounces make a 
I)Ound. What part of a pound is 2 ounces? 4 ounces? 8? 
12? 10? 5? 6? 11? 14? 

27. At 200 per lb., what cost 5 lb. 8 oz.* of butter? What 
7 1b. 4oz.? 2 1b. 12 oz.? 

1 On. 1b the abbreviation for " ounce " or " ounces.*' 
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28. What cost 3 lb. 4 oz. of sugar at 9f per pound? At 
12)ZJ? AtlO^^? At8i^? 

29. What is two-fifths and one-half of two-fifths of 5? 
Of 12? Of 7? Of 20? Of 6? Of 35? 

30. What is f and f of | of 8? Of 10? Of 12? Of 11 ? 

31. How much cheese, at 16f^ per pound, can I buy for 
J a dollar? How much for 75^? 

32. How many pounds of 8^^ sugar can I buy for a dol- 
lar? How much for 12^^? 

33. What part of a year is 3 mo.? 4 mo.? 6 mo.? 2 
mo. ? 8 mo. ? 9 mo. ? 10 mo. ? 

34. At J a dollar a 3'ard, how much cloth can be bought 
for«2i? For$lf? 

35. Whatpartof «lis6iJZ5? 12^-^? 10^? 16|^? 25^? 
33^0? 62 J^? 

36. At $2 per yard, how much cloth can be bought for $5? 
For $3 J? For«f? 

37. Which is the greater, f or f ? How much? | or J? 
? or H? 

38. How many more months in ^ of a year than in J a 
year? ^? i? f? |? 

39. A bushel of wheat weighs 60 lb. How many bushels 
in a bag which weighs 150 lb. ? 100 lb. ? 75 lb. ? 200 lb. ? 

40. What part of a foot is 2 inches? 3 inches? 4 inches? 
6 inches? 8 inches? 9 inches? 10 inches? 

The character @ means " at," " per," or " by." 

41. At 7p (a) lb., what cost 6 lb. starch? 

Give the answer to the nearest whole cent, as you would pay such 
a bill at the grocery. This would be 46^. 

42. Mr. A. has coffee at 12^^ (a> lb., (a> 16?^, and (a) 
^^f. How much of the first can I buy for %l ? Of the 2a? 
Of the 3d? 

43. From a pice of broadcloth containing 15|. yd., the 
merchant sold 1£ 2 J, and f yd. How much remained^ 
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44. For casting interest, 30 da3"s are called a month. 
What part of a month is 10 da. ? 15 da. ? 20 da. ? 27 da. ? 
5 da. ? 6 da. ? 

45. Mr. A. borrows $250 of me, and agrees to pay me for 
the use of it at the rate of $20 per 3'ear. What must he 
pay me for 3 mo. ? 4 mo. ? 2 mo. ? 6 mo. ? 7 mo. ? 8 
mo. ? 9 mo. ? 1 mo. ? 

Money paid for the use of borrowed money is called Interest 

46. I borrow $300, and agree to pay interest at the rate of 
$24 per year. How much do I pay per month? How much 
for 5 da. ? For 6 da. ? 10 da. ? 15 da. ? 20 da. ? 1 da. ? 
27 da. ? 

47. 196 lb. of flour makes a barrel. When my grocer 
sells me 50 lb. for a quarter of a barrel, how much more than 
a quarter-barrel do I get? 

48. How many 8ths in a quarter? How many 16ths? 
24ths? 36ths? 20ths? 28ths? 48ths? 44th8? 12ths? 

49. Change § to 15ths ; 27ths ; 21sts; 30ths ; 36ths-, 
33ds; 18ths; 24ths. 

50. In the Western States a tract of land 1 mile square is 
called a section. It contains 640 acres. How many acres 
in a half-section ? A quarter ? What part of a section is 40 
acres? 120 acres are how many quarter-sections? Mr. A. 
bu3*s 3 quarter-sections : how many acres does he buj' ? 

51. Capt. C. owns f of f of a vessel, and Mr. A. owns the 
remainder. How much does Mr. A. own? 

52. If I own I of a farm, and sell J of my share, how much 
have I left? 

53. If I own I of a house, and then buy ^ the remainder, 
how much do I then own ? 

54. Mr. Walter owned f of a piece of land, Mr. Smith ^, 
and Mr. Jones the remainder. Which owned the most, and 
which the least? How much did Mr. Jones own? 

Ans., Mr. Smith owned the most, and Mr. Jones the least. 
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55. A sold to B f of his farm, and then bought back J of 
what he sold. Which then had the larger part of the farm ? 
How much the larger part had he ? 

How do you compare two fractions in order to ascertain which is 
the greater ? Write a rule* 

56. A bought f of ^ of a piece of land, and B bought J of 
the remainder. Which bought the most of it? How much 
the most? How much remained? 

57. If 12 is ^ of a number, what is f of the number? 
What is f , or the whole of the number? 

58. If 9 is f of a number, what is the whole of the num- 
ber? 

Solution. —Since J is J of f, if 9 is f of a number, J of that 
number is ^ of 9, or 3 ; and, if 3 is ^ of a number, f , or the whole of it, 
is 4 times 3, or 12. Hence 12 is the number of which 9 is }. 

59. If 15 is J of a number, what is that number? 

60. Mr. Harris bought 27 acres of land of Mr. Whipple, 
which was ^ of Mr. Whipple's farm. How much had Mr. 
Whipple at first? How much had he left? 

61. A sold 56 sheep to B, which was J of his flock. How 
many sheep had A left? How many had he at first? 



62. f of 12 is I of what number? 

Solution, f of 12 is 8. Now, if 8 is | of a number, ^ of the 
number is | of 8, or 2; and, if 2 is i, -f, or the whole number, is 5 
times 2, or 10. Hence f of 12 is | of 10. 

63. f of 21 is i of what number? 

64. f of 15 is T^^ of what number? 

65. ^^ of 40 is I of what number? 
G6. i of 27 is f of what number? 

67. f of 27 is ^ of what number? 

68. f of 81 is ^ of what number? 



PRACTICAL PROBLEMS. — MENTAL. 133 

69. A owned a farm of 260 acres, and sold /j of it, which 
was just equal to f^ of B's fann? How many acres in B's 
farm? 

70. £ of 20 is I of how man}' times 9 ? 

Suggestion. — As above, we find that f of 20 is f of 27, which is 
3 times 9. 

71. I of 24 is J of how man}' times 10? 

72. I of 45 is ^ of how many times 3 ? 

73. f of 35 is I of how many times 2? 

74. I of 81 is ^ of how many times 9 ? 

75. I of 15 is ^ of how many times 7? 



76. If 5 oranges cost 20^, what cost 8 oranges? 

77. If I sell a load of 20 bushels of wheat for $25, what 
will a load of 30 bu. bring at the same rate? 

78. Bought 3 yd. of cloth for $1. What will 11 yd. cost 
at the same rate ? 

79. If oats bring 65^ for 3 bushels, how much shall I get 
far a load of 50 bu. ?^ A load of 80 bu. ? 

80. When oats are selling at 75^ for 3 bu., what will a 
load of 60 bu. bring? Of 40 bu. ? Of 80 bu. ? Of 50 bu. ? 

81. How much coffee at 6 lb. for $1 can I buy for 75^? 
For $1. 25? ForS2? For $1.50? For $1. 75? For 250? 

82. If f of a yard of cloth cost $f , what will f of a yard 
cost? 

Full Analysis. — If 2-thirds of a yard cost f of a dollar, 1-third 
costs i of f , or I of a dollar; and, if 1-third costs | of a dollar, 3-thlrds 
cost 3 times f , or f of a dollar. Again : if 1 yard costs f of a dollar, 
1-fifth costs \ of {, or ^ of a dollar, and 2-fif ths cost 2 times ^, or 
^ of a dollar. ^ of a dollar is 45^, since -^ is 6f. 

83. If f of a yard of silk cost 2^ cents, what will | of a 
yard cost? 
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84. If an 80-acrc lot is J of m}^ fai-m, v;hat is § of it? 

85. If a third of ten were three, what would a fourth of 
40 be? Ans., 9. 

86. If ^ of a certain number is 3, what is ^ of 4 times 
that number? 

87. 2| bu. apples make a barrel. When apples are 600 
per bu., what is that per bbl. ? 

88. If J bu. apples cost i a dollar, what is that per bbl.? 

89. At $1^ per bbl., what cost a bushel of apples? 

90. John can do a certain piece of work in 5 days, and 
James in 4 days. Working together, how much will they do 
in a week, working time ? 

91. There are 3 pipes discharging water from a full vat. 
One would empt}' it In 3 hours, 1 in 2, and 1 in 4. How 
long will it take them, running together, to empt}' it? 

92. I buy goods at $3^ per yard, and sell at a profit equal 
to + the cost. What do I get for 2 J yd. ? 

93. At what price per lb. must I sell coffee which cost me 
827 per 100 lb., in order to make i as much as the cost? 

94. A case of one dozen pairs of boots cost $27. How 
must I sell them per pair to make a profit equal to J the cost? 

95. Wishing to multiply 38 by 25, if I first multiply by 
100 b}' annexing two O's, how shall I get the required product 
from the result? 

96. In the way suggested in the last example, multipl}' the 
following by 25 : 48, 256, 37, 43, 154, 75, 864, 19.' 

97. What part of 100 is 12^? How, then, can I multiply 
by 12J by first multiplying by 100? 

98. Multiply the following numbers by 12^, as suggested 
in the preceding example: 32, 46, 18, 27, 54, 73, 65, 124. 

99. In a manner similar to the above, multiply the follow- 
ing by 33^: 27, 15, 36, 48, 19, 22, 31, 61, 72. 

100. To divide bj'^ 100, and then multiply by 4, is equiva- 
lent to dividing by what number? 



PRACTICAL PROBLEMS. 135 

101. Dividing by 100, and then multiplying b}' 3, is equiv- 
alent to dividing by what number? What if 3011 multiply 
by 8? 

154. yVritten Exercises. 

Required the cost of 

1. 7^ lb. veal (a> 5J0 = $0.43 j. 

2. 9f qt. berries (a> 7f^ = $0.75iJ. 

3. 6J yd. ribbon (S> 12J0 = $O.85|f. 

4. l\ yd. muslin (a> 9^0 = $0.74J, 

5. 12^ ba. oats <a> 62^0 = $7.81^. 

6. 6i bu. apples (a) l^f = $4.84^, 

7. 5i qt. nuts (a> 9f = $0.53^. 

8. 15 lb. cheese (a) 9if = $1.42^. 

9. 2^ 3^d. cloth /S) J of a dollar = $2.27}. 

10. 7^ lb. rice (S> 5f^. 

11. 9{ qt. beans (a> 7lf. 

12. 5J yd. ribbon (a> 12^^. 

13. 7| yd. lace (a> 9f^. 

14. 12^ bu. oats (a> 62^^. 

15. 6^ bu. apples (a) 74^/. 

16. b^ qt. nuts (a> 9}^. 

17. 15 lb. starch (a> ^t. 

18. 2f yd. cloth (a> $|. 

19. 15 lb. honey (a> 26|^. 

20. 7f lb. coffee (a> ^. 

21. 42 bu. apples (a> 63f^. 

22. 7| yd. calico (a> 12^^. 

23. 13f bu. potatoes (a> 37}^. 

24. lOf lb. cheese (a) \b%f. 

25. 3t tons coal (a> $12f . 

26. 12J bu. apples (a> 37j^. 

27. 13^ lb. veal (a> %if. 

28. 23| pecks peaches ^ 87^^. 
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29. 175 yd. flannel (a) 39^^. 

30. 5i bbl. apples ^ $1J. 



31. A vest cost $6§, a hat $5^, and a pair of boots $8^. 
What is the cost of all ? 

32. Bought flour at $7| per barrel, and sold it at $8. 
How much did I make on 50 barrels? Had I sold it at $7 J 
l)er barrel, how much would I have made ? 

33. Bought 5 loads of jjotatoes, containing respectively 
33^, 27J, 40i, 35^, and 29^ bushels, and sold 12^ bushels to 
each of 3 men, and 25^ to each of 4 men. How many pota- 
toes had I left ? 

34. Having on hand 19f tons of iron, if I sell 10|^ tons 
at $45 per ton, and the remainder at $43, what will I receive 
for it? 

35. Mr. Jones owns | of a tract of land, and Mr. Smith 
buys § of Mr. Jones's share. How much has Mr. Jones left? 
How much does Mr. Smith bu}' if the tract is 160 acres? 

36. Sold 5f yards of cloth at $3 J per 3'ard, and received 
in pa3Tnent 32^ pounds of butter at 15^ cents per pound, J 
of a ton of hay at $15 i^er ton. What is the balance? and 
is it in my favor, or against me ? 

37. How man}' raisins can be bought for $1, at 17^ cents 
l)er pound ? 

38. Bought a box of soap containing 70 pounds. Keeping 
it all summer, it dried awa^' ^, when I sold it at 8f cents per 
ix)und. I gave 7 cents per pound. Did I make, or lose? 
How much ? 

39. Bought 10 cords of wood for $5^ per cord. Paid $5 
per coixi for sawing, $f for splitting, and $i per cord for 
wheeling it into the shed and piling it. How much did the 
wood cost me in all? 

40. Owning 100 acres of land, I sold 27^ aci-es to one 
~^n, and j the remainder to another. How much had I 

9 
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41. A man cuts 35f cords of wood in 2^ weeks' working 
time. What is tiie average of each daj-'s work? How 
much does he earn per da}^, at 50 cents per coixl for cutting? 

42. If Si yards of cloth cost $4f , and 20 bushels of wheat 
bring $26f , and a farmer brings in a load of 36^ bushels of 
wheat, and buys 40 3'ards of cloth, what is the balance, and 
to whom due ? 

43. A room is 5 ysLrda wide, and 5^ j^ards long. How 
much will it cost to cai*pet it with yard-wide carpeting at 
$1.10 per yard, allowing nothing for waste? 

44. Two persons, 130 miles apart, start to travel toward 
each other, — one at the rate of 25 miles a day, and the other 
at the rate of 32 miles. How long before they will meet ? 

45. Two persons start from places 7 J miles apart, and 
travel the same way, — one at the rate of 3§ miles per hour, 
and the other at the rate of 4^. How far apart will they be 
in 5 hours ? 

46. Two persons on the same east and west line, and 15 
miles apart, start to travel towards each other. If the}'' con- 
tinue these directions, — one at the rate of 2f miles per hour, 
and the other at the rate of 3f miles per hour, — how far will 
they be apart at the end of 6 hours ? 

47. D bought of E 35| bushels of clover-seed for $142, 
and afterwards sold to F J^ of his purchase at a profit of $1 J 
l^er bushel. What did the part sold to F amount to? 

48. At the rate of $61J for llj cords of wood, what will 
be the cost of 6 loads of j- of a cord each, 4 loads of J of a 
cord each, and 8 loads of J of a cord each? 

49. A purchased of B 40 yards of cloth for $260. He 
then sold to C | of his purchase at a profit of $| per yard, 
and the remainder to D at a loss of $^ per yard. What did 
A gain or lose by these several transactions ? 

50. How much more than 8J yards of ribbon, at a yai-d, 
will 4 J 3'ards of calico cost at 11^ a yard? 
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51. A grocer bought 100 baiTels of flour at $^l per 
barrel. He sold 49 barrels at $7^ i>er barrel, and the rest at 
$7^ per barrel. How much did he gain? 

52. A tree, whose length was 136 feet, was broken into two 
pieces by falling. % of the length of the longer piece equalled 
i of the shorter. What was the length of each piece ? 

53. A obtains from two fields 344 bushels of wheat. Pi'o- 
vided the first field jielded J as much as the second, re- 
quired the jield of each field. 

54. A owns ^ of a ship's cargo, valued at $493000 ; B 
owns ^ of the remainder ; C owns ^q as much as A and B ; 
and D owns the remainder. How much does each own ? 

55. Bought 3 crocks of butter weighing 25^, 29J, and 
27^ lbs. The empty crocks weigh 5f^, 5f, and 5^ lbs. 
What did the butter cost at 23f cents a pound? 



I*^robleni8 Ulustrating the Use of CaneeUatian. 

56. If 5 yards of silk cost $7, how much will 15 j^ards 
cost? 

Suggestion. — In solving this, we first find what 1 yard costs by 
dividing tlie cost of the given quantity by that quantity. Then we mul' 
tiply the cost of 1 (yard) by the number representing the required 
quantity (15 yards). The operations then are, — 

Cost of quantity, 7 ,^ .- .. . , ... 

^ 8 

Hence J x ^? = 21, the required quantity. 

57. If J of a yard of silk cost $6, what will 2 J yards cost? 

Operation. (6-r- f ) X 2^ = ? X J X ^ = 20. 

Explanation. — If | yd. cost $6, 1 yd. cost (6-^|) dollars, and 
2\ yd. cost 2i times (6 -r- f) dollars. Hence we have (6 — J) X 2^ 
= 6xtX| = 20 dollars. 

58. If I of an acre of' ground cost 8245, what will Sf 
acres cost? 
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59. If 22 yards of cloth cost $3^, what cost 5^ yaixls? 
2 times $3^ gives the answer. Why is it? 

60. Iff of 6 yards of clotli cost $3f , what will g of 7 
yards cost? 

Operation. 

3f-Mof 6xfof 7 = ^X j4^XH-^ = V = 8f 

ExPLANTiON. — If * of 6 yd. cost $3f , 1 yd. cost 3f -^ (f of G) 
dollars, and (f of 7) yd. cost (| of 7) times [3 f -r- (f of 6)| dollars. 
Hence we have 

3f-^^of6x6x{of7 = VXrbX *F =■ Sf dollars. 

155. In order to use cancellation to aMdge computation, we first 
examine the problem, and ascertain what numbers are to be multi- 
plied together, and by what we are to divide. Then, representing 
these operations by signs, proceed to cancel all factoi*s which appear 
both as multipliers and divisors. 

Cancellation is serviceable only in cases in which there are multi- 
plications and divisions to be performed. When the processes are 
chiefly addition and subtraction, it is of no use. 

61. If f of a bari'el of flour cost $1?, what cost 5§ barrels? 

62. If ? of 6 3^ard8 of cloth cost $2?, what cost | of 7 
yards ? 

63. If I of $2| is the cost of a yard of cloth, what is the 
cost of J of a 3'ard of the same ? Of 5 yards ? 

64. If f of I of a barrel of flour cost 33 J, what will J of 
f of 21 barrels cost? 

65. If f of J of 2J yards of cassimei:e cost ^ of 5 dollars, 
what will 2 yai-ds cost ? 

66. If f of I of f of 6 5'ards of satinet cost 84 cents, 
what will I of I of I of 9 j^aixls cost ? 

67. If I of I of I of ^ of 3J^ yards of broadcloth cost 
i of J of § of 4 dollara, what will q^ of \ of 4^ yards cost? 

68. If I of ? of 5^j of J of 12 3^ards of petersham cost \ 
of A of I of 10 dollars, what will J of 3 J j^ards cost? 
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69. If I of 7 3^ards of cloth cost 49 cents, what will ? of 
I of I of 8 3'ards cost? 



70. From Chicago to Detroit, by way of the Michigan 
Central Railroad, is 284 miles. If an express train leaves 
Chicago at 9 o'clock in the morning, and arrives at Detroit 
at 6 o'clock and 45 minutes (6J hours after noon), making 2 
stops of 20 minutes each, and 12 stops of 5 minutes each, on 
the way, what is the average rate per hour run b}' the train ? 

71. A man engages to do a certain piece of work in 100 
daj's. What part oi^ht he to do in 10 days. In 25 dB.ys ? 
In 12^ daj's? In 16§ days? In SS^dajs? In 62^ days? 
In 6^ daj's? In 11 days? 

72. If 20 men require 7 J barrels of flour for their sub- 
sistence 5 months, how much will 30 men require for a j^ear? 
17 men for 6 months? A barrel of flour is 196 pounds. At 
the above rate, what is a man's dail}*^ allowance? 

73. How long could 50 men subsist on a stock of pro- 
visions which would last 7 men 80 days? 10 men 100 days? 
13 men 200 daj^s? 5 men 8 days? 11 men 176 da3's? 

74. A man bought 189 acres of land at SIO per acre, and 
250^ acres at $13 per acre. He sold ^ of the foimer tract 
for $18^ per acre, ancl| of the latter at $19 per acre. What 
would he make on the whole by selling the remainder at $20 
per acre? 

75. Bought at one time 320 acres of land at $25^ an acre, 
and at another 275 acres -at $31^ an acre. Sold f of the 
whole at $20, and the remainder at $30, per acre. Did I gain, 
or lose ? How much ? 

76. If 1^ of twice m^^-age is 30 years, what is my age? If 
? of 4 times of it is 22^, what is my age? If | of ^^ of it is 
8, what is my age ? If 3 times f of it is 30, what is my age ? 

77. If 1^ of f of the distance to a certain place is 48 
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miles, what is the distance? If ^ of ^ is 10 miles, what is 
the distance ? If -J- of 2| times the distance is J of a mile,, 
what is the distance ? 

78. If you multiply together two proper fractions, how 
does the product compare with the less? Illustrate b}' 

79. If you multiply together two improi)er fractions, each 
greater than 1, how does the product compare with the 
greater? Illustrate by f X 4^ 

80. How is the value . of a proper fraction affected by 
adding the same number to both its terms ? Tr}' it by adding 
3 to both terms of ^. By adding 1 to both terms of J. Try 
other cases. 

81. How is an improper fraction whose value is greater 
than 1 affected by adding the same number to both its terms ? 
Try it by adding 2 to both terms of J ; of ^ ; of -V- ^y 
adding 1 to both terms of f ; of J^. By adding 20 to both 
terms of f ; of ^. 

82. A regular train starts from New York at 1 o'clock in 
the afternoon, and runs at the rate of 32 miles an hour. At 
3 o'clock a special train is started in pursuit, and is run at 
40 miles per hour. At what hour will the special overtake 
the regular train ? How far from New York ? 

83. Hens' eggs vary so much in size, that in an ordinary 
lot 3'ou may select 7 which will weigh 1 pound by taking 
the largest, or 10 by taking the smallest. When the largest 
are worth 15 cents per dozen, what are the smallest worth? 
Taking the extremes as given, what is the average weight of 
eggs per dozen ? 

84. If 9 hens' eggs weigh 1 pound 5^ ounces (10 ounces 
make 1 pound), how much are eggs i>er pound when they 
sell at 1 shilling (12^ cents) per dozen? 

85. If eggs average IJ pounds to the dozen, at what per 
pound should they be sold as compared with the price per 
dozen ? 
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86. What is the value of iV of ^^ of a vessel, if a person 
who owns -^y of it sells ^ of |^ of his share for $1750? 

87. There are 60 seconds in a minute, and 60 minutes in 
an hour. At what rate per hour is a railroad-train running 
which goes ^ of a mile in 18 seconds? 

88. Two land-speculators went West to bu}- land. One 
bought f^ of a section (640 acres), and the other ff. 
Which bought the most land ? How much ? 

89. If J of a pound of silver dollars is worth $ltf^, what 
is the weight of $1 in ounces, 12 ounces making a pound? 



156. Principle. — If to the sum of two numbers tJie differ^ 
ence be added, it gives twice the greater; but, if from their 
sum their difference be subtracted, it gives twice ih3 less 
number. 

Since the difference is what the less lacks of being the greater, if 
we add to the sum this difference, the result is twice the greater. In 
like manner, as the greater is the less + the difference, if we subtract 
this difference from the sum the remainder is twice the less. 

90. The sum of two numbers is 198, and their difference 
52. What are the numbers? Sum 295, and difference 117. 
What are the numbers ? 

91. If the sum of two numbers is 70, and the difference 16, 
what are the numbers? Sum 222, difference 114? Sum 386, 
difference 214? Illustrate as above. 

92. James and John tc^ether have 86 cents, and John has 
15 more than James. How many have each? 

93. Two men, A and B, agree to work for C for $1 J- per 
da3'*s work. Together the}^ work 38 da3's, and A works 5 
days more than B. How much must each receive ? 




CHAPTER ni. 



SECTION I. 



DEFINITIONS, AND READING AND WRITING 

DECIMAL FRACTIONS. 



I 



157. Dividing any whole, or a unit, first into 10 equal 
paits (tenths), and these again into 10 equal parts (hun- 
dredths), and these again into 10 equal parts (thousandths), 
etc., is called the Decimal Division. 

158. We have learned in Common Fractions that one-tenth may 
be represented thus, ^; 2-tenths thus, ^; 3-tenths thus, ^, etc. 
So, also, that 1-hundredth may be written y^; 2-hundredths, t^^^; 
7-hundredths, y^^^; 4-thousandths, y^jVt, etc. But there is another 
way to represent such fractions as these ; that is, those which arise 
from the Deciinal Division. It is this: tenths are represented by put- 
ting a dot, called a Decimal Point, at the left of the figure repre- 
seuting tenths: thus .1 is one-tenth; .2 is 2-tenth)3; .3 is 3-tenths, 
etc. So, also, .01 is one-hundredth ; .02 is 2-hundredth8 ; .03 is 3-hun- 
(Iredths, etc. 

159. Fractions which arise from the Decimal Division^ 
and are rc^presented by means of the Decimal Pointy and 
without the denominator expressed, are called Decimal 
Fractions. 
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For brevity, Decimal Fractious are often called simply Decimals ; 
although, strictly speaking, all numbers, whole or fractional, ex- 
pressed in the Decimal or common notation, are Decimals. 

160. Counting to the right from the Decimal Point, the 
first place is Tenths place, the second Hundredtlis, the third 
Thousandths, the fourth Ten-thousandths, etc. Thus the 
orders of decimal fractions succeed each other as we go from 
units order towards the right, just as the orders of whole 
numbers do as we go to the left, according to the following 

161. DECIMAI* NUHKEBATION TABLB. 



so 



so 



2fl o ^«e3263'SS 









333333333383 . 33333333333 



Orders of Whole Numbers. Orders of Decimal Fractions. 

Ex. 1. — Read the following, and tell what the}*^ mean: 
.2; .5; -.04; .07; .006; .001; .0008; .00007; .000003. 



To Meeid a Decimal Fraction* 

162. Rule. — I. Numerate the fraction ; that is, begin a^ 
the decimal, point and nam^ the orders to the right, and bear 
in mind the name of the lowest or riglU-Jiand order, 

II. Mead the expression just as a whole 7iumber, and then 
pronounce the name of the lotvest or right-hand order,. 

We numerate to find what the denominator of the fraction is, 
since, as in whole numbers, the whole may be read as so many of the 
lowest denomination. 
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We then read the number as written, since it tells how many parts 
are represented (that is, it is the numerator) ; and, having read it, pro- 
nounce the name of the lowest order, since this tells the denomination 
or kind of parts (that is, it is the denominator). 

This method of reading is just the same in principle as the method 
of reading a common fraction. 

1. Read .23478. Of what order is the 8? What, then, is 
the denominator of the fraction? What is the numerator? 

How would you read ftf o Vife ' 

2. Read .00234. What is the denominator? What the 
numerator? What is the difference between .00234 and 

Read each of the following, also writing each in the form 
of a common fraction : — 



3. .304. 


7. .56. 


11. .01. 


15. .58437 


4. .0027. 


8. .506. 


* 12. .001. 


16. .00236 


5. .00801. 


9. .3004. 


13. .782564. 


17. .00023 


6. .0101. 


10. .0501. 


14. .586423. 


18. .90801 



K.B. — Pupils write a rule for representing a decimal fraction as a 
common fraction. 

19. Read 23.5. 

This is the same as 2S^f and is read in the same way; that is, ''23 
and 5-tenths." 

20-22. Read 7248.347 ; 46.8423 ; 348.57684. 

In reading whole numbers and decimals as mixed numbers, it may 
promote clearness to omit and in each case, except before the fraction. 
True, it is a little harsh ; but perhaps the perspicuity compensates for 
this. In this way 7248.847 will be read '' 7 thousand 2 hundred forty- 
eight, and 3 hundred forty-seven thousandths." 



Read the following : — 
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23. 


48.21. 


37. 


152.342. 


51. 


2.718281828. 


24. 


107.056. 


38. 


793.546. 


52. 


3.14159. 


25. 


5006.00205. 


39. 


100.001. 


53. 


127.0087602. 


26. 


5400.0064. 


40. 


888.999. 


54. 


1003.700101002. 


27. 


1000.0001. 


41. 


.4343. 


55: 


100801.7304008. 


28. 


7281.5436. 


42. 


3.1416. 


56. 


46.7021. 


29. 


54037.02501. 


43. 


2.71828. 


57. 


32.0012. 


30. 


437.543621. 


44. 


1.0071. 


58. 


107.0107. 


31. 


1002.000508. 


45. 


100.0705. 


59. 


.004043. 


32. 


7080.070936. 


46. 


3006.0642. 


60. 


5.0005. 


33. 


5006.000807. 


47. 


2024.008. 


61. 


300.003. 


84. 


52111.111111. 


48. 


480.706. 


62. 


.053053. 


35. 


5333.333333. 


49. 


.3007. 


63. 


.0020202. 


36. 


6420.022022. 

• 


50. 


0.0008. 


64. 


.206020. 



163. Principle. — Annexing 0*8 to a decimal does not 
alter its valvs, since^ according to our method of reading^ we 
annex an equal number to tlie denominator, and hence muUi- 
ply both terms of the f reaction by the same number » 

1. Explain the following : — 

.5 = .50 = .500 = .5000 = .50000. 
.25 = .250 = .2500= .2500000. 
.012 = .0120 = .012000 = .01200000. 



To Write Dedmals. 

164. Rule. — Write the numerator as a whole number. 
Then, beginning at the right, apply the decimal numeration, 
calling the right-hand figure tenths,^ the next at the left hun- 

^ Teachers who are averse to ibis roeebanical or tentative process can teach their 
pilpils to repeat the decimal numeration backwardst — i.e., fh>m right to left; and, 
when thifl is entirely familiar, the direction in the rule may read, ** Beginning at the 
right, call this order by the name of the denominator required, and proceed to the 
left, filling vacant orders with 0*s till tenths order is reached. At the left of this 
order write the decimal point." 
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dredths^ etc, ^filing all vacant orders with 0*s, till the name 
of the order designated by the denominator is reached. At the 
left of this write the decimal point. 

Reasons fob the Rule. — The numerator, being a whole num- 
ber, is so written. The reason for beginning at the right to apply 
the decimal numeration is simply to get the right number of places 
after the decimal point. True, the orders are thus falsely named ; 
but the expedient is convenient; and, if this trial numeration from 
right to left gives the right number of orders, the true numeration 
from l^i to right cannot fail to be right. 

1. Write six hundred twenty-five hundred-tliousandths. 

Process. — The numerator is 625. Now, beginning at the 5, call 
it tenths, the 2 hundredths, the 6 thousandths, and, prefixing a 0, call 
it ten-thousandths, and then another 0, and call it hundred thou- 
sandths. At the left of this last place the decimal point thus, .00625. 

2. Write fifteen hundredths. Nineteen thousandths. 
Six ten - thousandths. Twenty - four thousandths. Five 
hundred thousandths. Thirty-nine millionths. One hundred 
thousandths. Forty-nine hundredths. Ten ten-milUonths. 
Fifty-two thousandtlis. Eight hundred-thousandths. Eight 
hundred thousandths. Seventy-one hundredths. Ninety- 
one milhonths. Seventeen ten-thousandths. Two thousand 
eight hundred forty-five ten-thousandths. Three hundred 
sixteen thousandths. 

3. Write sixty-nine, and nine hundred three thousandths. 

Suggestion. — It will be well for beginners to write the whole 
number first, and then, if the decimal is not readily written, write 
it in another place, according to the rule given above, and then an- 
nex it to the whole number. 

4. Write seven hundred three thousand, and two hundred 
seven ten- thousandths. 

Suggestion. —The whole number is 703000. The decimal, writ- 
ten according to the ride, is .0207. Written together, they are 
709000.0207. 
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Write the following : — 

5. Five, and two hundred sixt3^-three railUonths. 

6. Nine hundred eighty, and four thousandths. 

7. Two, and eighty-five billionths. 

8. Two hundred, and sevent3'-four ten thousandths. 

9. Eight thousand two hundred, and thirty- two thou- 
sandths. 

10. Four hundred fifty two hundred- thousandths. 

11. Sixt3'-five, and five hundred twenty-one thousandths. 

12. Eighty two, and sixty-five billionths. 

13. 7 hundred 63 thousand twent}', and one hundred eight 
millionths. 

14. Seven thousand five hundred 29 millionths. 

15. Foui' hundred seventy-five hundred-thousandths. 

16. Fort}' five, and three hundred seventy-five ten thou- 
sandths. 

17. Three billion seven hundred fift3'-five million 2 hundred 
26 thousand, and 5 hundred fort}'- three millionths. 

18. Three, and one thousand four hundred sixteen ten- 
thousandths. 

19. Nine hundred 27 million 3 hundred 64 thousand 5 
hundred, and 2 thousand 5 hundred 68 ten-millionths. 

20. 14, and five tenths. 

21. Thirt3'-six, and three hundred fort3'-cight thousandths. 

22. 35, and 347 ten-thousandths. 

23. Four hundi'ed 16, and five hundred-thousandths. 

24. 437246, and sevent3'-nine thousandths. 

25. Four hundred, and 64 thousandths. 

26. 54 thousand three hundred, and 22 ten-thousandths. 

27. 374 thousand 426, and two ten-thousandths. 

28. 461372, and 461 ten thousandths. 

29. 2 thousand 2, and 2 thousand 2 ten thoufrandths. 

30. 4 thousand, and four hundred four ten thousandths. 

31. 472 thousand, and 204 ten thousandths. 
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32. 437 thousand 349, and 467 hundred-thousandths. 

33. 420 thousand, and two hundred hundred-thousandths. 

34. 300 thousand, and 204 hundred-thousandths. 

35. 500387, and five hundred and five thousandths. 

36. 800 thousand, and 565 hundred-thousandths. ^ 

37. 4000000, and five thousand and six hundred-thou- 
sandths. 

38. 343 thousand 43, and six thousand hundred- thou- 
sandths. 

39. 241341 , and four hundred fifteen hundred-thousandths, 

40. 11, and eleven thousand one hundred-thousandths. 

41. 5, and five thousand six miilionths. 

42. 303, and three thousand three milhonths. 

43.^ 463 thousand 42, and 42 thousand eight milliontlis. 
44. 50 thousand, and 50 thousand fifb}' milhonths. 
45-60. Write the following as decimals : ^05^ ; 300^ ; 

ItSJtt 5 ^'^ iTjUiTsis t 1002y^ig^^xyir 5 '^TTsixyrsi ^TTrJuiy » 



SECTION II. 

REDUCTIONS. 

To Reduce Common Fractions to Decimals. 

1. How many tenths in g ? 

Solution. — Since j is f of a unit, and there are 10 times as many 
tenths in any number as there are luiits, there are 10 times |, or ^ 
tenUis, iu J. V = 6: hence there are 6 tenths in f , or f = .6. 

2. As above, reduce 2^, I, i? ?» and g to tenths, explaining 
the operation. 

8. How many hundredths are | ? 
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Solution. — Since f is } of a unit, and there are 100 times as many 
lOOtlis as units in any number, tliere are 100 times f , or ^J^ hun- 
dredtlis, in |. ^^ = lb: hence there are 75 lOOths in |, or f = .75. 

4. Reduce ^, j^, /o, ^, and ^^y to hundredths. 

5. Reduce the following to thousandths: |^, f, f, |, ^, 
/j^^, and explain as above. 

165. Rule. — Annex 0*s to the numerator^ and divide the 
result by the denominator^ continuing to annex 0*8 till the 
division is exacts or until as many decimal places are obtained 
as desired. Point off as many places of decimals in the 
quotient as there have been O's annexed^ prefixing 0*s to the 
significant figures^ if necessary. 

Demonstration. — Since a common fraction represents parts of a 
unit, and in any number of units there are ^0 times as many lOths, 
100 times as many lOOths, etc., annexing O's to the numerator reduces 
the fraction successively to lOths, lOOths, etc. Then dividing by the 
denominator is but reducing the improper fraction to a whole number 
(of tenths, hundredths, etc.). 

6-10. Reduce j^ to a decimal ; /§ ; | ; lis 5 !• 

Explanation. — In this case we have virtually ^ 

Opbratioit 

annexed 4 0*8, or multiplied ^ by 10000, which , ' 

reduces it to lOOOOths. Tims ^ = ^\^ ten- ' ^^ ^ 

thousandths, or 625 ten-thousandths. This, in "^ 

the decimal notation, is written .0625. 32 

Another Explanation. — We can explain "80 

the process as we go along with our work of divid- _^ 

ing thus: 16 is not contained in 1; but 1 is 10 
tenths. Again: 16 is not contained in 10; so that there are no tentlis 
in the quotient. Hence we write in tenths place. Now, 10 tenths 
make 100 hundredths; and, as 16 is contained in 100 6 times, we have 
6 hundredths in the quotient, with 4 hundredths remaining, etc. 
This is the explanation which was given in Division. 

This process may also be explained as multiplying and dividing 
the given fraction by the same number. Thus f multiplied by 10 is 
V = 6: this, divided by 10, is .6. 
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Reduce the following common fractions to decimals, carry- 
ins: the decimal to milUonths if the division is not exact : — 



11. \l —.9375. 


20. 13t7^. 




29. 128A. 


12. ^ —.24. 


21. 40i|. 




30. 13,5^. 


13. 2% 


22. f. 




31. t. 


14. V 


23. 13f. 




32. f . 


15. 5i — 


24. §^ 




33. tV? a? a* 


16. \^ — 


25. 12S. 




34. iJf- 


17. 103i — 103.375. 


26. 1|. 




35. ^, ^^, ^. 


18. i —.33333+.^ 


27. 34. 




36. -S¥. 


19. i§ 


28. lOjjV. 




37. H?^- 


38. Tell, without writu 


ng^ the decimals 


equivalent to the 


following common fractio 


ns: i; i; J; 


i; 


5 » 55 5 5 ^ ? "ff » 


i; h 









REPETENDS. 

166. When we are annexing 0*s in order to extend a deci- 
mal, if at any time we have a remainder which is the same 
as we have had before, the same figures will recur in the 
quotient. Such a decimal is called a Bepeatingr or Circu- 
latingr Decimal, or simply a Repetend, A rei)etend is indi- 
cated b}^ writing a dot over the first and last rei^eating 
figures ; thus .34576 means .34576576576, etc. ; 57 means 
.575757, etc. .34576 is read "34 hundreds and repetend 
576 ; " 57 is read '^ Rei^etend 57,** etc. 

Ex. 1. — Tell, without writing, what repetends the follow- 
ing give : i ; f ; S ; S ; 8 ; S ; I ; I- 

2. What rei)etend does J give? f ? 

3. What is the repetend given by each of the following : 

*; ?; ?; t; f ; f? 



> The + sign, when thus used, signifies VaaX the division does not termlont^. 
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167. Principle. — When reducing a common fraction to a 
decimal^ if the decimal does not terminate^ the farther ive ex- 
tend it the nearer we approach to the value of tJie common 
fraction. 

Thus it Is easy to see that ) = .3 nearly, hut .33 more nearly, and 
.333 still more nearly, etc. When we wish to use only a few places of 
a repetend, if the first figure of the part we would drop is 5 or more, 
it is more accurate to increase the last figure we use hy 1: thus, in- 
stead of using .27 for .276, it is more accurate to use .28; so, instead 
of 3.1415 for 3.14159+) 3.1416 is more accurate. 



168. In United-States Currency, since a dime is a tenth 
of a dollar, a cent a tenth of a dime, and a mill a tenth of a 
cent, these are respectivel}' tenths, hundredths, and thou- 
sandths of a dollar, and ai*e so written, as we have already 
seen. So also we have learaed that it is eustomar}' to write 
and read dimes, or tenths of dollars, with cents ; thus we 
read $4.75, not ^' 4 dollars, 7 dimes, and 5 cents," but ^^ 4 
dollars and 75 cents." 

Thus we are enabled to treat fractions of a dollar, or cents 
and mills, as other decimals. 

Examples. — Represent the following fractions in deci- 
mals ; that is, in cents and mills : — 

•5i; tl27i; tH; «200J; tH; 9m; tl2?. 



To JReduee l>eeifnal8 to Commmi Fradions^ 
169. Bule. — Suppress the decimal pointy and underneath 
the numerator of the fraction as thus obtained write the 
denominator^ which is 1 with as many 0*s annexed as there 
were places in the decimal. Reduce the fraction thus obtained 
to its lowest terms. 

This is simply writing what the fraction means, and is a direct 
consequence of the method of writing decimals. In fact, we have 
already performed the operation, and only mention it here to refresh 
the memory, and give a little more practical exercise. 
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Express the following decimals as common fractions : — 



1. .5. 


7. 23.625. 


13. 1.06. 


19. 3.75. 


2. .35. 


8. 103. 


14. 1.10. 


20. 3.075. 


3. .125. 


9. 2.4. 


15. 1.07. 


21. 15.6. 


4. .375. 


10. .0025. 


16. 1.08. 


22. 15.60. 


5. .25. 


11. .0005. 


17. 1.125. 


23. 15.600 


6. .75. 


12. 1.04. 


18. .225. 


24. 1.12i. 



SECTION III. 

ADDITION AND SUBTRACTION. 

170. The rules for Addition and Subtraction of Decimal 
Fractions are exactly the same as for whole numbers, and 
need not be repeated. 

1. Add 715.25, 3051.039, 4.8, and 25.3156. 

Solution. — Writing the numbers so that like orders shall fall in 
the same column, we add exactly as in whole numbers. Thus in the 
ten^thousandths column there are only 6; so we write i.^^ 05 
it in the sum. In the thousandths column there are 
5 and 9, which make 14 thousandths, which are 1 
hundredth and 4 thousandths, since 10 thousandths 
make 1 hundredth. In like manner we proceed 
through the other orders. 

Perform the following additions : — 



3051.039 
4.8 
25.3156 

3796.4046 



2. 


3. 


4. 


5. 


715.206 


605.271 


742 


$ 86.45 


34.73 


342.156 


85.6 


$243,045 


1280.008 


83.805 


207.006 


8580.50 


7.5643 


1.27 


84 


$ 73.00 


187.4 


483.5 


556.38 


$100.40 



6. From 782.19 take 325.536. 
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SonjTiON. — Writing so that the various orders of the 
subtrahend shall fall under like orders in the minuend, ^9? -an 
we subtract as in whole numbers. Thus, as there are 4"fi ^54 
no thousandths in the minuend from which to take the 
6 thousandths of the subtrahend, we take one of the 9 hundredths, 
which ipakes 10 thousandths, and subtract the 6 thousandths, obtain- 
ing 4 thousandths for the remainder. 3 hundredths from 8 hundredths 
leaves 5 hundredths. As 5 tenths cannot be taken from 1 tenth, we 
take a unit from the 2, which makes 10 tenths. This, with the 1 tenth 
of the minuend, makes 11 tenths, from which taking the 5 tenths there 
remain 6 tenths. Thus we proceed through all the orders as in whole 
numbers. 



h 


Examples for Practice. 




1. 


2. 


3. 


4. 


408.207 


S23.56 


$100.00 


1000 


57.0583 


% 7.50 


% 47.23 


325.008 


351.1487 


816.06 


674.992 


5. 


6. 


7. 


8. 


1765.004 


700.584 


48 


1 


843.02 


23 


.546 


.003 



921.984 

9. From 8.1 take 3.547. 

10. From 123 take 78.256. 

11. From 3.46+10 take 5.7. 

12. From .46 take .0037. 

13. From 71.86 + 4.313 take 18.5 + 20.007. 

14. From 10 take one tenth. 

15. From 1 take one thousandth. 

16. From %\ subtract 15 cents. 

17. From $5.68 take $1.17. 

18. Add 7.52, 10.478, 600.5, .87, and 23. 

19. From the sum of $347.63 and $20.59 take the sum of 
$100 and $57.13. 

20. From the sum of 8.7, .32, 6.08, 25, and 2,45, take the 
sum of .75, 1.25, 13, and 3.5. 
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172. ^racfical f^roblems. 

1. A man earned $5.27 one week, $6.52 another, and 
S7.15 another. Out of this he bought a pair of boots for 
S4.75, and a hat for $3.38. How much remained? 

Ans., $10.81. 

2. A fence-builder laid up 20.5 rods one day, 17.02 rods 
the next, 31 .25 rods the next, and 27 rods the next. A wind 
blew down 52.37 rods, and so displaced 10.5 rods more as to 
make it necessary to laj' it over. How much remained of his 
work ? 

3. My grocery bill for the several days of a week was 
$3.73, $1.10, $4, $2.05, $1.88, and $3. On this I paid 
at one time during the week $2, and at another $3.50. 
How much did I still owe ? 

4. Write the following in the decimal form, and then add 
them : 6^, 12^, 5f , 6|, |, f . Sum, 32.1. 

5. From the sum of g, .25, 10, f , and 13^, subtract the 
sum of 1 j, I, 8, and 2.56. 

6. A steamer sailed in 6 successive days 305.24, 206.5, 
182.402, 343.25, 287.13, and 313.008 miles; and a sail-ves- 
sel, starting from the same port, sailed after her, making 105 
miles the 1st day, 204J the 2d, 98^ the 3d, 110| the 4th, 
212|^ the 5th, and 113f the 6th. How much in advance was 
the steamer at the end of the 6 davs? 

7. My meat bill for the 7 days of a week was, 1st day, 
$1.37; 2d day, $0.88; 3d day, $1 ; 4th day, 75 cents; 5th 
day, $1.25 ; 6th day, 97 cents ; 7th day, $1.10. At the be- 
ginning of the week, the marketman owed me $5.00. How 
did the account stand at the close of the week ? 

8 During the week a grocer sold from a bin of potatoes, 
which contained 87i^ bushels at the first, 6^, J, 17, 25^^, 
42.25, 18.5, and 31 bushels ; having in the mean time bought 
and put in 2 loads of 33^ and 41.75 bushels respectively. 
How man}' [wtatoes remained in the bin? 
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9. How much less than a thousand is 156.75, 428§, 
243.125, and 89^? 

10. From a piece of cloth containing 41 J 3'ards I sold 
i a yard, IJ^, 8, 5.25, and 21.125 yards. What was the 
remnant? 

11. A man's property is worth $7528; but lie ow^es 
$347.50 to one man, $1000 to another, $75j to another, 
and $15^ to another. How much would he be worth if his 
debts were paid? 



SECTION IV. 

MULTIPLICATION AND DIVISION, 

Multiplication of Decimals. 

173. The process of Multiplication of Decimals is precisely 
the same as that of whole numbers, the only thing needing 
further attention being the position of the Decimal Point in 
the product. 

174. Principle. — In Mxdtiplication of Decimals^ the 
number of decimals in the product must equal the number 
in both factors. 

Demonstration. — Any number wholly or in part decimal may 
be read as so many of the lowest order mentioned as are represented 
by the figures, regardless of the point. (For example, 4.5 is 45 tentfia, 
43.75 is 4375 hundredths, etc.) In reading in this way, the denomi- 
nator of each factor becomes 1 with as many O's annexed as there are 
decimal places in that factor and the numerators are whole numbers. 
Hence the product of these denominators, which will be the denomi- 
nator of the product, will contain as many O's as there ai-e decimal* 
places in both factors. Therefore the number of decimal places in 
the product equals the number in both the factors. 

Ex. — Multiply 34.8 by 3.76, explaining the pointing off 
according to the last paragraph. 
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Solution. 34.8 = ^^S and 8.76 = fitJ. Hence 
34.8 X 3.76 = ^ X | J^. We therefore multiply the 
numerators together, disregarding the decimal points. 
This product is 130848. Now, as the denominator of the 
multiplicand is 10, and that of the multiplier 100, the prod- 
uct is thousandths. Therefore we point off three deci- 
mals, which is equivalent to writing 1000 as a denominator. 



34.8 
3.76 

2088 
24% 
1044 

130.848 



J^xamples for Practice. 

1. 327 X .6 = 196.2. 

2. 327 X .06 = 19.62. 

3. 327 X .006 = 1.962. 

4. $375.6 X .125 = $46.95. 

5. 78.05 X 3.47. 

6. .543 X .0027. 

7. .00279 X .008 = .00002232. 

8. $48,275 X 6.421. 



9. 5832 X .05. 

10. $70.01 X .0001. 

11. 34 X .000025. 

12. 46.702 X 81.54. 

13. 1.764 X .0547. 

14. .0058 X .073. 

15. 356.28 X 175.6. 

16. 256 X .053. 

17. 5.002 X 713. 

18. .003 X 3.003. 



19. 47 X 3.5. 

20. $73.6 X .0002. 

21. 56400 X .01. 

22. 150 X .1. 

23. $79 X .1. 

24. 34.76 X 3.1416. 

25. 875 X .4343. 

26. $17.58 X 2.002. 

27. .8 X 1;1. 

28. 4.5 X 4.5. 

29. 3.712 X 3.712. 

30. 8246 X 3.14. 

31. .347 X 28. 

32. 80.008 X .0007. 

33. 5.2704 X .0341, 

34. .00702 X .00702. 

35. .1 X .1. .01 X .01. 

36. .5X.5. .005 X. 005. 



Division of Decimals. 

175. The process of Division of Decimals is precisely the 
same as that of Division of Whole Numbers, the only thing 
needing further attention being the position of the Decimal 
Point in the Quotient. 

Ex. 1.— Divide 2190.89208 by 63.284. 
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[The following solution is given for the purpose of exhibiting a 
simple method of insuruig accuracy in placing the decimal point, 
which is the only thing presenting any difficulty in division of deci- 
mals: — 

Explanation. — The first figure of the 
quotient being perceived to be 3, we retain 
it in mind till after toe have multiplied and 
written the first partial subtrahend (189852), 
and then write this first quotient figure 
directly over the figiu'e in this subtrahend 
which arises from multiplying the units of 
the divisor by this figure; viz., in this in- 
stance, over the 9. Then, proceeding with 
the division, we place the decimal point in 
the quotient directly over that in the divi- 
dend. 



Operation. 

34.62 

63.284 ) 2190.89208 
189852 

292 372 
_253136 

392360 
37970 4 

126568 
126568 



176. Rule. — Write the first figure in the quotient directly 
OVER the figure in the first subtrahend which arises from mul- 
tiplying the units of the divisor by this figure : the decimal 
Xioint in the quotient loillfall over the point in the dividend. 

The reason for this nile is, that, when units are multiplied by any 
order, the product is of the same name as this order; i.e., units by 
tens give tens, units by hundreds give hundreds, etc. Hence this 
arrangement brings like oixlers in quotient, dividend, and subtrahend 
in the same column. An example will make this clear. 



Operation. 
26350. 



Ex. 2. — Divide 1956671.95 by 74.257. 

Explanation. — The first quotient fig- 
ure being perceived to be 2, we retain it in 
mind till after we have multiplied^ and then 
write it over the 8 which arose from multi- 
plying the units (4) of the divisor. Then, 
proceeding with the division, we place the 
decimal point in the quotient over that in 
the dividend ; and, as in this instance the 
units order is vacant, we write in it. 

Now observe, that, the 8 being the prod- 
uct of units by some other oixler, this other 
order must be of the same name as the 5 in the dividend under which 



74.257 ) 1056671.95 
1485 14_ 

'471531 
44i>542 

2.59899 
222771 
3712a5" 
371285 
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the 8 falls, in order that the 8 may be of this order: i.e., the 2 (ten- 
thousands) multiplied into the 4 units give 8 (ten-thousands), etc. 

The only case in which there can be the least difficulty is when there 
are no integers in the quotient. We give a few such examples: — 

3-6. Divide 78.642 b}' 3. By .3. By .03. By..003. 

In Short Division it is equally well to write the quotient under the 
dividend. If the fii-st subtrahend is needed in order to make the 
place of the units pi'oduct more evident, wnte it above. The work in 
these examples stands thus: — 

0.6 0.06 0.006 

3178.642 .3178.64 2 .03178.642 .003178.642 

26.214 262.14 2621.4 26214. 

7-9. Divide 13.475 by .245. By .0245. By .00245. 



55. 


550. 
• .024513:475 


5500. 


.245|1 3.475 


.00245 13.475 


1.225 


0.1225 


0.01225 


1225 


1225 


12^5 


1225 


1225 


1225 



177. Another Method of Determining the pointing 
of the Quotient. — Make the number of decimal plcu^es in 
divisor and dividend the same by annexing O^s to that tvhich 
has the least. Jlien drop the decimal points^ and divide as in 
whole numbers. 

The reason for this is, that making the number of decimal places 
the same reduces the fi*actions to forms having a common denomi- 
nator: whence the quotient is the numerator of the dividend divided 
by the numerator of the divisor. 

10. Divide 1116.9 by .153. opbration. 

1116900|153 

Explanation. — Reducing both to thousandths, 1071 7300. 

we have 1116900 thousandths to divide by 153 thou- 459 

saudths, which is the same as 1116900 -r- 153. ^?L_ 

00 
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1 1 . Solve in this manner Exs. 3-6. 

The numbers are written for division thus: — 

3000)78642 300)78642 30)78642 



The operations are, — 

31000)781642 3100)786142 



26.214 



262.14 



310 )786412 
2621.4 



3)78642 



3)78642 
26241 



JSxamptes for Practice. 



1. 688.1875 -T- 5.5 =125.125. 

2. .440946 -T- .561 = .786. 

3. 242.451 -T- 1.2245 = 198. 

4. $183.375 -^ $.489 = 

5. .1728 -^ 12 = 

6. 343 -^ .007 = 

7. $67.8632 — 32.8 = 

8. $983 — 6.6 = 

9. 12 -^ .002 = 

10. 147.828-^9.7 = 

11. $37.4 — $4.5 = 

12. 7.85 -T- 3.43 = 

13. .478-T-.58 = 

14. .9009 -f- .4051 = 

15. 2.25-5-18 = 



16. 22.36-5-4.3. 

18. 87.9 -T- .3. 

19. $22.5 -T- .005. 

20. .001638-^.07. 

21. .08-T-32. 

22. $.043 -f- $1.05. 

23. .278-5- .07. 

24. 14 -T- .7854. 

25. 3.1416 -^ 4. 

26. $8,371 -5- 500. 

27. $583.71 -f- $120. 

28. 4.737-^3000. 

29. 42 -5- 600. 

30. 125-5-25000. 



178. In case the divisor has 0*s at its right, ne[/£ec< (Aem In the 
process of dividing, and obtain the quotient of the dividend divided 
by the significant figures. Then remove the decimal point to the left 
as many places as there have been O's neglected. This is the same a% 
the corresponding case in division qf whole 
numbers, Tlius, to divide 4.737 by 3000, we 
neglect the three 0*s, and divide by 3, obtahi- 
ing the quotient 1.579. Now, this quotient is 
to be divided by 1000, the other factor of 3000. 



31000)4.737 



1.579 ftsJ- < 
4.737-1-3 

True quot, .001579 
This 18 done by removing the decimal point 3 places to the left. 



PRACTICAL PROBLEMS. 161 



Perform the following : — 

31. 7.8a -J- 10. 

32. $540 -T- 100. 

33. .56 -f- 10; by 100. 

34. .072 -f- 900. 

35. 1800 -T- 0006. 

36. 8640 -^ $8000. 



37. .05 -h 100. 

38. 235-4-50. 

39. 473 -i- 2300. 

40. 5.276 -^ 11200. 

41. 30.03-^-710. 

42. 64 -h .64. 



179. Ttacticai Trobiem$. 

[Note. — In these problems, when comtnon fractions occur, put 
them into the forms of decimals before performing the operation 
required.] 

1 . What is the cost of 3^ yaixis of eassimere at $2^ \xiT 
3'ai'd? 

Operation. 

$2.25 

3.75 

1225 
1575 
675 



$8.4475, or $8 and 45 cents. 

In tmsiness operations it is customary to drop from results all 
fractions of a cent less than i, or .5 of a cent, and to call all fractions 
of a cent equal to or greater Vian .5 an additional cent. 

2. What cost 14^ coixls of wood at $6j per cord? 

3. Bought of the grocer^-man 17f pounds of sugar at 11 1 
cents per i)ound, and handed him in payment a $5 bill. 
How much cliange should T receive ? 

4. How many dozen hats, at $5J each, can be bought for 
$l03iJ? 

5. Bought a case of 1 dozen pairs of boots for $112.50. 
What was that per pair? 

6. If a railroad-train averages 23| miles an hour, includ- 
ing stops, how long will it be in running 288 miles? 
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7. If a railroad'train runs 350 miles in 19^ hours, but 
stops 3 times 20 minutes each, and 10 other timed 6 minutes 
each, what is its average mte per hour while running? 

8. How much will it cost to fence my house-lot, which is 4 
rods b}' 8, on two adjacent sides, if I pay $lf per foot for 
the fence, a rod being 16|J feet? 

9. If a ship sails at the mtc of 130.75 miles per day^ in 
what time will she make a trip of 69 J miles? 

10. If a man can dig ^ of a rod of a certain ditch in ^ an 
hour, how much can 3 men dig in 8^ days, working 8^ hours 
per day? 

BUis of C^oods. 

180. A Bill of Goods is a written statement in proper 
form, which the seller gives to the bu3'er, si)ecif3ing the 
amount and price of each article, and the aggregate value of 
the whole. 

The person who bujs is called Debtor,^ and the person who 
sells is called Creditor. 

The letter (a) made in this way is used in such bills for 
"at," and is followed by the price of a unit; as 1 yai-d, 
1 ]x>und, 1 gallon, etc. 

Find the amount of each of the following Mis of Goods : — 

1. AxN Arbor, Dec. 1, 1874. 

Mr. James Smith 

Bought of Philip Bach: 

16J yd. sheeting, ra) 22^ $3.58 

7| yd. flannel, /2) 62i^ 4.84 

^doz. hdkfs.,^ /S)374^ 2.25 

2| 3d. drillmg, (a) ISf^ .43 

Received Payment, $11.10 

Philip Bach. 



^ 



^ lldkfd. means liaudkorcbiefn. 
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2. 
Mr. J. B. a no ell 



Detroit, Nov. 25, 1874. 
Bought of S. C. Johnson : 



• I 



5 cans 03*sters, ^ 37 J ^ . 

19| lb. turkey, (a) Vl^f 

20 lb. raisins, (a> ll^f 

Received Payment, 

S. C. Johnson. 

3. Ann Abbor, Oct. 7, 1874. 
Mrs. a. £. Parks 

To Cole & Tremain, Dt\^ 

For 10 lb. granulated sugar, (a> W^f 
** 5 heads celery, (a) l^f 

" 6| lb. butter, (a) ^l\f 

*^ 1 lb. tea, $1.40 

" 2^ lb. Mocha coffee, (a> 42^^ 
*' 10^ lb. codfish, (a) lOJp 

Charged in Account 

When an account at a store has been ninnrng some time, the 
merchant often makes a copy of it for the creditor upon settlement. 
The following is such a transcript. AVhat was due on the accoiuit ? 

4. Mr. Asios White 

In Account with C. H. Millen & Co. 

1874. Dr. 

May 1 . To 10 yd. calico, ta> S^f 

6 spools thread, (a) G}^ 

2i yd. sheeting, fa) 17f ^ 

June 15. To 3 yd. cassimere, (a) $2^ 

'' trimmings, $1.25 

Aug. 21. To 4 table-cloths, ^$1.75 

^* 3 prs. cotton hose, (a) 280 

Or. 
Sept. 1. By cash S2.00 

Due . 
Ann Arbor, Dec. 31, 1874. . 

* This form of bill-bead nicanti Just tbe ttame ha tbc preceding, t&x^. V^x>l«\«. 
tlie DtbtOTt and Cole & Tremam arc Ibe Crtditur. 



(b 
(( 
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181. Goods sold by Hie 100 , or IOOO9 or the Ton. 

1. What is the amount of a bill of 5728 ft. of lumber at 
$37;^ per thousand feet? 

Explanation. — If the lumber had cost $37i Operation. 

per foot, the cost would have been $37i X 5728, or ^^o?i 

$214700. At $37i for 1000 feet the cost is 1000th -^ 

part as much. Hence we divide $214700 by 1000, ^^ 

and have $214.70. 17184 

$2147700 

182. Rule. — I. To find the cost of articles sold by the 
1000^ multiply together the price per thousand and the num- 
ber ^ — using the number or the price for multiplier^ as is most 
convenient y — and then cut off 3 decimals from the product^ or 
remove the decimal point 3 places to the left. 

II. If tJie articles are sold by the 100 j proceed in the same 
way^ except that 2 instead of 3 figures are to be cut off as 
decimals^ or the point removed 2 places to the left, 

III. If the price is given per ton^ and the quantity in 
pounds^ proceed as if the price were per 1000, and divide the 
result by 2, since a ton is 2000 pounds, 

2. What is the cost of 72568 brick at $6.75 per M?^ 

3. What is the cost of 85670 lath at 23^ per C?* 

4. It is estimated that a certain public building will require 
2 million bricks in its construction. What will these cost at 
$6i i>er M ? 

5. I wish to put a board fence around a lot which is 10 
rods by 20 (16^ feet make a rod). I find that for 1 panel 
(length) of fence (16 feet) it will take 1 board 1 foot wide, 
which measures 16 square feet; one 8 inches wide, which 
measures 10§ square feet; 4 boards each 5 inches wide, 
which together measure 26 § square feet. How much will the 
boards for the whole cpst at $17^ per M? Observe that I 
shall have to pay for boards for whole panels. They will not 
cut the boards for me at the lumber-yaixi. 

— - - L L I L_ ■ - 1_ _I__^_^_L LJ I —m^^— 

» U stands tov lOO^i, awCi ^ Vuv 1(W. 
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6. If it takes 8750 shingles for the roof of my house, how 
much will the}^ cost at $4.75 per M? 

7. What is the cost of 117800 lath at $2.50 per M? 

Operation. 

1875 

8. What is the cost of a load of hay I2i 
weighing 1875 lb. at $12.50 per ton (2000 "93^.5 
lb.)? ^^Q^ 

2 ) 23.487.5 
$11.72 

9. A farmer brought me 5 loads of ha}^ which he had 
weighed at the public scales. They weighed 2785^ lb., 
3056J lb., 2907J lb., 3000 lb., and 3172^ lb. each, including 
the wagon, which weighed 950 lb. What is the value of the 
ha}' at $15^ per ton? 

10. What will a load of coal weighing 1725 lb. cost at 
$11^ per ton? 

11. I paid a coal-dealer $9.92 for a load of coal weighing 
1 725 ix)unds. How much was that per ton ? 

12. I paid a coal-dealer $9.92 for a load of coal at $11J^ 
per ton. How man}' pounds of coal should there have been? 

13. What is the cost of 15500 lb. of plaster at $7.50 per 
ton? 

14. A man paid $58.12^ for a car-load of plaster at $7^ 
per ton. How many pounds should there have been? 

15. If 31000 lb. of plaster cost $116.25, what is that per 
ton? • 

16. If freight from New York to Detroit is 35 J^ per hun- 
dred, how much will be the transportation on 6 boxes of goods 
weighing severally 347|, 158^, 527|, 250, 348^, and 629 J lb. ? 

1 7. If railroad freight on wheat from Detroit to New York 
is ^7^ cents per 100 pounds, what is that per bushel of 60 
pounds ? 

18. Nov. 25, 1874, freights by water from Milwaukee to 
Buffalo are quoted at 5^^ (i.e.? 5J0 per bushel). What is 
this per 100 lb. ? 
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19. Which would be better, to charter a vessel which would 
carry 1200 tons from Milwaukee to Buffalo for $2500, or to 
pa}' freiglit at the rate of 5^^ per bushel of wheat? 

20. What is the freight from. Detroit to New York on a 
car-load of wheat (375 bushels) at 37^^ per 100 lb.? 

21. Expressage from Ann Arbor to Blast Saginaw is now 
$1 J per hundred. Wliat will this add to the cost of butter 
per pound if I ship 6 crocks weighing in gross (i.e., crocks 
and all) 35^ lb. each, the crocks weighing 4 lb. each, and 
the return expressage to be paid <mi the crocks? 

22. This fall (1874), freight on wheat hy vessel from 
Toledo, O., to Oswego, N.Y., is quoted at 14^ (14^ per bu.). 
Wliat is the freight on a schooner's cargo of 1200 tons? 

23. Which will cost the more, to ship 1000 bushels of 
wheat b}' water at 15 J cents per bushel, or by railroad at 
31i^ per 100 lb. ? How mqch? 

24. What ought eggs to be per pound when the^' are selling 
at Idf^ per doz, if they average 9^ eggs to a pound? 

25. If a compositor (one who sets tyi^e) receives 40^ per 
1000 ems for setting, hoiy much will he receive for setting a 
book of 296 pages, which measures 1576 ems to a page? 

26. What is the amount of a bill of lun^ber for 2&371 ft. 
boards f5> $37^ per M, 1483 ft. scantling fa) $18^ per M, 
21000 lath /S) 21^ per C, and 7342 shingles <® $6^ per M? 

27. Which is the higher freight on wheat, 3^ cents per 
hundred, or 22 J cents per bushel? 

28. Four persons bought 640 acres of land, the first having 
.2 of it, the second .35, the third .15, and the foiu*th the re- 
mainder. How many acres did the fourth have ? 

29. At 62^ cents per cord for cutting, how many months 
(26 days) will it take a chopper to earn $100, if he cut 2^ 
cords per day? 




iii»l>e£^< 



CHAPTER IV. 



SECTION I. 



DEFINITIONS AND TABLES. 

183. An Abstract Number is a mere number ; that is, 
a number not applied to any specified things. Thus ten^ 
seven, 146, §-, 4 J, are abstract numbers. 

184. A Concrete Number is a number applied to some 
specified thing ; as ten men, seven trees, 146 feet, § of an 
acre, 4f pounds, etc. 

185. Denominate Numbers mea^s, literall}-, Named 
Numbers ; but the term is applied only to concrete numbers 
which represent money, weight, or measure. Thus $5, 10 lb., 
3 gaL, are denominate numbers; but 5 men, 10 trees, 3 
stones, are not so called. 

186. In denominate numbers, the different Orders, as of 
money, weight, or measure, are called Denoniinations. 
Thus dollars, dimes, and cents are denominations of money ; 
and 1'ods, feet, and inches are denominations of measure. 

187. A Compound Number consists of several related 
denominations written together, and to be read as one num- 
ber. Thus 4 gal. 2 qt. 1 pt, is a compound number ; so also 
is 6 mi. 25 rd. IQ.ft. \^ 
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MEASURES OF VALUE. 

188. Money is the measure of value used for purposes of 
buying and selling. 

189. Coins are pieces of metal beaiing the government 
stamp, and having a value fixed by law. Coin is also called 
Specie. (See Appendix III. for cuts of coins in most com- 
mon use.) 

190. Currency, as a business term, means notes or bills 
issued by the government or by banks to be used as mone3% 



FEDERAL OR UNITED-STATES MONEY. 

191. The Denominations of United-States money are 
eagles, dollars, dimes, cents, and mills ; the abbreviations 
indicating each being, respectively, E., $, d., ^ or ct., and m. 
For ordinary purposes, amounts are mentioned in dollai*s and 
cents. 

192. Table. 10m. = If, 10^ = Id., lOd. = $1, $10 = 
1 eagle. Hence we see that United - States mone}' is 
decimal. 

193. The coins of the United States at present struck 
(1879) ai-e, of Gold, $1, $2^, $3, $5, $10, and $20 pieces ; of 
Silver J dime, quarter-dollar, half-dollar, and dollar pieces ; of 
Nickel, 5-cent and 3-cent pieces ; of Bronze, a 1-cent piece. 

194. The Trade Dollar, 20-cent, 5-cent, and 3-cent pieces, 
of silver, and the copper 2-cent and 1-cent pieces, though 
found in circulation, are not now coined. The mill was never 
coined. 

195. None of the present United-States coinage is pure 
metal. The (so-called) gold is .9 gold and .1 copper and 
silver; the 5i7t?er is .9 silver and .1 copper; the nickel is J 
copper and I nickel ; the bronze is .95 bronze and .05 tin 

and zinc. 



MONEY OF FOREIGN COUNTRIES. 169 

196. The Legal Weights ai^, the gold dollar 25.8 grains, 
and the other gold coins in proportion. The legal silver dol- 
lar weighs 412^ grains, and the trade dollar 420 grains. The 
subsidiary silver coins are on the basis of 385.8 grains to a 
dollar. The nickel 5-cent piece weighs 5 gi'ams (metric 
weight) or 77.16 grains, and the 3-cent piece 30 grains. The 
bronze cent weighs 48 grains. When gold coin comes into 
the United-States Treasury reduced in weight more than 
.005, it is recoined. 



MONEY OF FOREIGN COUNTRIES. 

197. The Denominations and Values of Canada Coins are 
similar to those of the United States ; and Canada currency 
is reckoned in dollars and cents, though reckoning in English 
currenc}' is still common. 

198. The Denominations of English Money are jwunds, 
shillings, pence, and farthings, represented respectively by 
£, s., d,y and far. 

The gold coin, whose vahie is £1, is called a sovereign (sov,). It* 
value in United-States gold is $4.8665. From this value and thfe 
following table the pupil will be able to calculate the value of any 
English coin. 

199. Table. 4/ar. = lcZ., 12d. = Is., 20s. = £1. 

A guinea is a gold coin equal to 21s. A croton is a silver coin equal 
to 58. A florin is a silver 2-shilllng piece. 

200. The French Coins most frequently mentioned- in 
this country' are the franc {frank), the Napoleon, and the 
centime {centeem'). 

The centime is ^^ of a franc, just as our cent is ^^-^ of a dollar. 
A Napoleon is a 20-franc gold piece. The franc is silver, and the 
centime bronze. Tlie abbi-eviatioii for francs is *^, and centimes are 
written as decimals; thus 5'"^ .17 is 5 francs and 17 centimes. A 
franc = 19.3^ Uuited-States gold. 
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201 • The standard Denominations of Gremxan Coins fire 
the mark (23.8 cents) ^ and the jyfeimig ::::: ^^ of a mark. 

The Prussian silver thaler (74.6?') and the- silver groschen (21*') 
are coins frequently referred to in this country) the mark and pfennig 
having been made the standards in 1872. 



JS':ranipies, 

1. What is the vahie in our coin of an Englisli shilling? 
Of a penn}-? Of a farthing? Of a crown? A guinea? 

2. What is £5 12s. in dollars and cents? 

3. What English coin is verj' nearly a half-dollar? What 
is very nearly a half-eagle ? 

4. What is 10s. 6d. in our coin? What 5s. lOd.? 

5. What is the value In our coin of 1 centime? Of a 
Napoleon ? 

6. How near is a 5-franc piece to $1 ? 

7. The French gold coins are 100, 40, 20, 10, and 5 franc 
pieces. How much is each in our coin ? 

8. The French silver coins are 5, 2, and 1 franc pieces, 
and 50 and 25 centime (i.e., half and quarter francs) pieces. 
How much is each in our coin ? 

9. The bronze French coins are 10, 5, 2, and 1 centime 
pieces. How much is each in our coin ? 

10. 1000000^"^ are how many dollars and cents? 25'"^ .37? 
15*''-.75? 258^60? IOO^'p ? $550 = how many francs ? 

11. The German gold coins are 5-mark, 10- mark, and 20- 
mafk pieces. What is the value of each in our coin? 

12. The German silver coins are 20-pfennig, 1-mark, 2- 
mark, and 5-mark pieces. What is the value of each in our 
coin ? 

13. The German copper coins are 5-pfennig and 10- 
pfennig pieces. What is the value of each in our coin? 
How many pfennigs make a cent ? 
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14. $ 1 00 gold = bow man}' marks ? 

15. How many pfennigs make ^ of a dollar? 

16. How many marks make $1 gold? 

202. Chicago Quotations of Foreign Exchaaige are to-day : 
" London 4.88^, Paris 5.15f , Hamburg ^J." This means that you 
can buy a Draft (i.e., an order) on a bank in either of these foreign 
cities at these rates. The " London 4.88^ " means tliat you will hate 
to pay $4.88i for £1. The ** Paris 5.15| " means that you will have 
to pay at the rate of $1 for h^Ab^. The " Hamburg 95f " means 
that you will have to pay at the rate of 95}^ for 4 marks. 

17. According to the above quotations, how much will a 
draft on Hamburg cost me which will pay for a book which 
is offered me there at 1 75 JIf . ? 

18. At the above rates, what will a draft on London cost 
which will pay a bill there of £125 12«. ? On Paris, to pay a 
bill of lOOO^--? 
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203. A Point is a place without size. 
Points are designated by letters ; as D, C, M, N, etc. 

204. A Line is the path of a ^ 

point in motion. 

A line is designated by letters placed 
at its ends; as the line DC, the line iVIN, 
etc. 

305. A Straight Line is the path of a point moving all 
the time in the same direction. Gcnerallj', when we say 
*' Line," we mean a " straight line.*' 

A Line, or Distance, Is measured by another line or distance. 
The lines, or distances, commonly used in measuring length, or 
distance, are an Inch, a FoQty a Yard, a Rod, and a Mile, 
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206. An Angle is the opening 
between two lines wliich meet. The 
point where tlie lines meet is called 
the Vertex of the angle. 

• 

In common language we call an angle a Corner. Thus the corner 
or opening between the two lines BA and CA is the angle BAC. In 
designating an angle we use a letter placed at the vertex, or three 
letters, one on each of the lines, with the letter which stands at the 
vertex named between them. Thus the angle above may be spoken 
of as the " angle A," or the ** angle BAC. 



f» 



B 



207* When one straight line, as CA, 
meets another, as BD, so as to make 
the angles CAB and CAD equal (i.e., 
just alike), the angles are called Bight 
Angles. A right angle is a sqiLare 
comer, 

208. An Acute Angle is an angle which 
is less than a right angle, and an Obtuse 
Angle is one which is greater than a right 
angle. 

For the method of measuring angles, see Circular Measure, 



209. A space which has length and breadth, but not 
thickness, is called a Surface. 



210. A Rectangle is a plane (flat) sur- 
face or figure bounded by four straight lines, 
and having all its angles right angles. A is 



a rectangle. 



211. A Square is a rectangle having all its 
sides equal each to each. B is a square. 



A Surface is mecumred by another surface, — usually by a square. 
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The Area of a surface is the number of times it contains the 
measure. 

The surfaces commonly used for measuring surface are the Square 
Inch, Square Foot, Square Yard, Square Rod, Square Mile, and the 
Acre, 




212. A Solid, or Body, is a space having length, breadth, 
and thickness. 

213. A Rigrlit Parallelopiped is a 
solid, or space, bounded by six rectangles, 
and haying all its angles right angles. C 
rei>resents a parallelopiped. 

214. A Cube is a parallelopii^ed having 
all its faces (sides) squares. D represents 
a cube. A cube, each of whose edges is 
1 inch, is a Cubic Inch; one whose edges 
are each 1 foot is a Cubic Foot; one 
whose edges are each 1 yard, a Cubic Tard^ etc. 

A Solid 18 measured by another solid, — usually by a cube. The 
Volume or Contents of a solid is the number of times it con- 
tains the measure. 



/Z7 

Ay 



215. Principle. — Tlie Area of a Rectangle is the prod- 
uct of its length by its width. 

Illustration. — If surface A is 7 long and 5 
wide, and m, the measure, is 1 on a side, we can 
apply 7 of the measures along one side of the 
surface, as from B to C, making a row of 7 
measures. Now, we can apply the measure so as 
to make as many such rows as there are units in 
the width, — in this case 5; and 5 times 7 measures (m) make 35 
measures. Hence the area of A is 35, m being the measure. 

1. A square foot is 12 inches on a side. How man}' square 
inches in a square foot? 

















1 


m 




T^ 
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2. A square 3'ard is 3 feet on a side. How many sqnare 
feet in a square 3'ard ? 

3. Show that there are 30^ square yards, or 272|^ square 
feet, in a square rod. 

4. Show that there are 102400 square rods in a square 
mile. 160 square rods make an acre. How many acres in a 
square mile? 



216, Principle. — Tfe« Vohune of a Rigrht Parallelo- 
piped is the product of its three dimensions; that i«, of its 
lengthy breadth, and thickness. 

Illustkation. — If. 
solid S is 7 loug, 5 wid6, 
and 6 high, and m, the 
measure, is a cube 1 on 
each edge, we can place 
5 of the measures along 
one side of the bottom 
(base) of the parallelo- 
piped S, as from A to 6, 
and 7 such rows will 
cover the base. Thus it 
takes 7 X 5 of the meas- 
ures to cover the base 1 

deep. Then, as the parallelopiped is 6 high, it will take 6 such layers, 
or 7 X 5 X 6, to fill the whole space. Hence the volume of the paral- 
lelopiped S is 7 X 5 X 6, or 210, ni being the measure. 

1 . How man}' cubic feet in a cubic j'ard ? 

2. How man}' cubic feet in a parallelopiiDed 8 feet long, 4 
feet wide, and 4 feet high? This is called a cord of wood. 

3. When 4 ft. wood is piled 4 ft. high, 1 ft. in length of 
pile is called a cord foot. How many cubic feet in a cord 
foot ? How man}' cord feet in a coixl ? 

4. How many cubic inches in a cubic foot? 

217, Abbreviations. — in. stands for inch or inches, ft. 
for foot or feet, yd. for yard or yaixls, rd. for rod or rods, 
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mi. for mile or miles, sq. for sqaare, cu. for cubic, A, for 
acre, cd. for cord. 

218. Tahles of Measures of Extension* 

LoKG Measvbb. Squabb MsAstrBB. Cubic Mbasubb* 
12 in. = 1 ft. .-. 144 8q. in. = 1 sq. ft., and 1728 cu. in. = 1 cu. ft 
3 ft. = 1 yd. . \ 9 sq. ft. = 1 sq. yd., and 27 cu. ft. = 1 cu. yd. 
5i yd. = 1 rd. .'. 30^ sq. yd. = 1 sq. rd. 16 cu. ft. = 1 cd. ft. 
320 rd. = 1 mi. 160 sq. rd. = 1 A. 8 cd. ft. = 1 cd. 

640 A. — Isq. mi. 128 cu. ft. = 1 cd. 

219* On the common carpenter's square the inch is usually 
divided into halveSf quarters, eighths, and sixteentlis, or into tvoetftJis. 
On other scales it is often divided into tentfis, A line is ^ of an 
inch. 

A size, as used by shoemakers, is l of an inch, sometimes called a 
barleycorn. Children's sizes nm from size 1, 4 J in. long, to size 13, 8 J 
in. long. Youth's, women' s,'sdid men's sizes run from size 1, 8^ in., 
to size 15, 13} in. 

The ancient Roman mile {mille possum, 1000 paces) was about 1618 
yd., and hence a little shorter than ours. The modem Roman mile = 
.925 Eng. mL The Irish mile «= 1,273 Eng. mi. The French mile 
{mille marin) is the same as our marine or geographic mile. The 
German short mile (7/iei7e) =3.897 Eng, mi,; the long mtie = 5.753 
Eng, mi, ; the Prussian mile = 4.68 Eng, mi, 

A geographic, nautical, or marine mile is 1' of the equator or of a 
meridian, and hence is 1.1527 Eng, mi, very nearly; a degree being 
69.164+ Eng, or statute miles, A league is 3 marine miles. A fur- 
long is I mi. See table of Circular Measure. 



220. Cloth, ribbons, laces, etc., are sold by the ^ard in 
length, irrespective of the width ; the differing widths being 
considered in fixing the price. For such measurements the 
3'ard is divided into halves, quarters, and eighths. 

Ex. How many inches in half a yard ? How many in a 
quarter? An eighth? A sixteenth? 

221. Sea-depths are measured in fathoms. A 'Fathom is 
6 feet. 
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1. How many feet in a mile? How many fathoms in a 
mile ? In 3 miles ? 

2. At a certain place the sea was reported as 900 fathoms 
deep. How much more than a mile deep was it? 

3. How many miles in depth is that place in the Atlantic 
Ocean which is reported as 2640 fathoms deep ? 

4. In our Western forests many of the trees ai'e 100 feet 
high. How many fathoms deep would a lake be which would 
submerge these standing forests ? 



222. A Hand is 4 in., used in measuring the height of 
horses. 

1. How many feet high is a horse which measures 15^ 
hands? 17 hands? 18? 12? 



223. A Pace is reckoned at 3 fb., although in pacing long 
distances 5 paces are reckoned a rod. 

Ex. How many paces in a mile ? 

224. For measuring land, surveyors use a Chain 4 rods 
long, and made of 100 links of equal length. 

1. How many feet in 4 rods? How many inches in 66 
feet? Then how long is 1 link of the surveyor's chain? 

2. How many rods in a mile? Then how many chains in 
a mile ? 

225. The Public Lands of the United States which have 
been surveyed during the present century have been laid out 
in Townships, which are squares 6 miles on a side. These 
are divided in what are called Sections. A section is a 
square mile. 

3. How many sections in a township? 

4. How many acres in a section? In a half-section? A 
quarter-section? An eighth of a section? 
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5. What part of a section is 320 acres? 240? 160? 
120? 80? 40? 

6. How, many 80-acre lots in a sec- 
tion? A half-section? A quarter-sec- 
tion? 

7. This figure represents the way in 
which a section is usually divided. How 
long and how wide is a quarter-section, 
or 160 A.? BOA.? 40 'A.? 

[See Appendix tor the method of oiur Public Laiid Surveys; also 
the section on Mensuration for applications to the problems of meas- 
uring surfaces and solids; as boards, wood, etc.] 



Half 
320 


Sec. 


40^. 
40 i. 


• 


Qr. Sec. 
leOA. 



MEAStJRES OF CAPACITY. 

236. The Capacity of a vessel is the amount which it 
contains, — its contents. 

There are two varieties of measures of capacity in com- 
mon use ; viz., Liquid Measure and Dry Measure. 

237. Liquid Measure is used in measuring liquids, or in 
estimating the capacity of vessels designed to contain liquids, 
as water, milk, oil, molasses, alcohol, etc. The Denomina' 
tions^ or measures, are gills {gi*)y pints (i>^), quarts (g^), 
gallons (gal.)^ and barrels (bbL). 

228, Dry Measure is used in measuring grain, seeds, 
fruit, etc., or in estimating the capacity of vessels designed 
to contain such articles. The denominations are pint (pt.)^ 
quart (qt.)^ peck (|>A:.), and bushel {bu.). 

229. The denominations of like name in these two meas- 
ures do not represent the same amounts. The Dry pint and 
qiuirt are about f lai^er than the Liquid pint said quurt; or, 
more exactl}^ the Dry quart contains 67.2 cubic indies, and 
the Liquid quart 57.75 cubic inches. 
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Illustbation. — These two figures c7^cu jn. 
represent boxes, each of which is 4 - '^^ ' ' 

inches square on the bottom ; but the 
Dry quart is 4.2 inches deep, while 
the Liquid quart is but 3.61 inches 
deep. " -^"•- " *"*• 

1. 4 quarts make a gallon. How many cubic inches make 
a gallon ? 

2. 8 quarts make a peck, and 4 pecks make a bushel. 
How many cubic inches in a bushel? 

3. Which is the most, IJ cu. ft., or 1 bu. ? 

Ans., The difference is less than J pt. (J). 

230. Tdbles of Measures of Capacity* 

Liquid Measure. Dry Measure. 

4 gi. = 1 pt. 

2 pt. = 1 qt. 2 pt. = 1 qt. 

4 qt. = 1 gal. 8 qt. = 1 pk., or 2 gal. 

31 J gal. = 1 bbl. 4 pk. = 1 bu. 

Barrels are made of various sizes, from 30 to 40 or even 56 gallons ; 
but in estimating the capacity of cisterns, vats, etc., 31i gal. is usu- 
ally considered a barrel. Thei*e is no definite measure in use called a 
hogshead. Any large cask is freqently so called. 

2ol. Physicians and apothecaries use a kind of liquid measure, 
of which the denominations are Minims (HI), Fluid Drachms (f 3), 
Fluid Ounces (f ^ ), Pints, and Gallons. The pint and gallon are 
the same as the common Liquid Pint and Gallon, but are designated 
by the abbreviations (O.) (Latin octarius, pint), and Cong. (Latin 
congius, gallon). 60 m = 1 f 3, 8 f 3 = 1 f S, and 16 f ? = 1 (O.). 

Physicians in making prescriptions frequently call a minim a drop, 
a fluid drachm a teaspoor\ful, 4 fluid drachms a tablespoonful, a fluid 
ounce 2 tahlespoonfuls, 4 fluid ounces a teacupful, and a pint 4 tea- 
cupfuls. 

These measures are very indefinite, and in fact are much in excess 

of what they are called. Thus a drop of most liquids is much more 

than a minim. A common teaspoon holds nearer 90 than 60 drops of 

water, and we more frequently find teacups that hold ^ a pint than a 

giU. 
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B is an abbreviation for recipe, or take ; a, aa, for equal quantities; 
98., for semi, or half; gr., for grain; gtt, for drop; P., for particula, 
or little part; P. aeq., for equal parts; q. p., as much as you please. 

1. How many pints in a gallon? In 5 gallons? 7 gal- 
lons ? A barrel ? 

2. How man}^ quarts in a barrel? In 5 bbl. ? In 4 bbl. ? 

3. A box which would hold a cord of wood would hold 
how many bushels of wheat ? How many barrels of water ? 

4. How many bushels in a barrel of 31 J gallons? 

5. It is customary to heap the measure in measuring 
apples, potatoes, corn in the ear, ashes, and some other 
substances ; so that about 5 pecks are sold as a bushel. 
According to this method of measuring, how man}' bushels 
does a barrel of 31^ gal. contain? 

6. How many drops make a teaspoonful? How many tea- 
spoonfuls make a teacupful ? 

7. A man sold me 32 quarts, which he called a bushel of 
berries ; but he measured them in a liquid-quart measure, 
instead of a dry-quart measure. What part of a bushel did 
I get? How many liquid quarts should he have given me? 

[For further practical applications, see Me^isuration.'] 



MEASURES OF WEIGHT. 

232, There are Tliree Varieties of measures of weight ; 
viz.. Avoirdupois^^ Troy^ and Apothecaries*. 

233, Avoirdupois Weight is the common weight used 
by grocers, and for most ordinarj^ purposes. The denomi- 
nations are Ounces (o«.). Pounds (Z6.), Hundred Weight 
(cwt.)^ and Tons (T.). 

234, Troy Weight is the weight used for weighing gold, 

1 From three French words, avoir du poidSt meaning < ' to have weight." 
s From Troyea in France, whence this weight eame into use. 
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silver, and precious stones, and in philosophical experiments. 
The denominations are Chains (gr,)^ Pennyweights {pwt,)j 
Ounces (02;.), and Pounds (lb.). 

235. Apothecaries* Weight is used in medical prescrip- 
tions. The denominations are Grains (gr,)^ Scruples (3), 
Drams (3), Ou7ices (|), and Pounds {lb.). Drugs and 
medicines are bought and sold in the quantity by Avoirdupois 
Weight. 

236. Tables of Measures of Weight. 

Avoirdupois Weight. 

16 OZ. = 1 lb. 
100 lb. = 1 CWt. 

20owt.= lT. 

Trot 'Weight. Apothecaribs* Weight. 

24 gr. = 1 :pwt.;J ( 20 gr. = 1 sc, or 3. 

I ij 3 3 =1 dr., or 3. 

20 pwt. = 1 oz. J (83=1 oz., or |. 

12 oz. = 1 lb., or lb. 

237. The denominations of like name in troy and apothecaries' 
weights are the same; but the avoirdupois pound is heavier, whereas 
the ounce is lighter, than the pound and ounce of the other weights. 
The troy pound is 22.79 cu. in. of water; and the avoirdupois pound 
is \^ times as much, or 27.69 cu. in. of water. A pint of water (28} 
cu. in. ) is a little more than 1 lb. avoirdupois. 

The only difference between the troy and the apothecaries' tables 
is in the subdivision of the ounce. In troy weight there are two 
subdivisions, — pennyweights and grains; whereas in apothecaries' 
there are three, — drams, scruples, and grains: but, in each, 480 grains 
make an ounce. 7000 troy grains are equal to a pound avoirdupois. 

238. Physicians in writing prescriptions use the Roman notation 
to designate the number of grains, scruples, etc., and write them irfter 
the symbol. In writing thus, a final i is written j; thus gr. vj is 6 

grains, 3 ij is 2 scruples, 3 iij is 3 drams, '^ iv is 4 ounces, etc 
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239v In wholesale transactions in coal and iron, and in the United- 
States custom-houses, 112 lb. are called a cwt. : hence 28 lb. is a 
Quarter (of a cwt.), and 2240 lb. make a Ton, This is sometimes 
called the Long Ton. 

240. 196 lb. flour make a barrel: 200 lb. pork or beef make a 
barrel. 56 lb. butter = 1 firkin. 100 lb. grain or flour are called 
a Cental, of dried fl^sh a Quintal, and of nails a Keg. 280 lb. salt 
=s 1 barrel at New- York Salt-Works. A bushel of coal is 80 lbs* 

241. Table shotving the Weight of a Bushel of Hie 
Principal Grains and Seeds^ as established by Law in 
the Several States* 

-, , S ni., Ind., lo., Ky., Mich., Mine., Mo., N. C, N. J., Ohio, Wis., 48 lb. 
Barley, j j^j^^g^^ q^^^ Vt., 46 lb. ; W. T., 45 lb. ; La., 32 lb. ; Penn., 47 lb.; Cal., 50 lb. 

-, - ( Mich., Minn., Ore., Wis., 42 lb.; lo.. III., Ky., Mo., 52 lb.; Ind., N. C, 

wheat. J Q^y^^ ^ li; . usoB., Vt., 46 lb. ; N. Y., Penn., 48 lb. ; Conn., 45 lb. 
^ ^ ( I'Im Ind., To., Ky., MIeh., Minn.» Mo., N. Y., Ohio, Ore., W. T., Wi«., 
Seed. In. J., 64 lb. 

V ^i.» (Conn., Del., Ind., lo.. III., Ky., La., Mass., Mich., Minn., N; J., Ohio, 
Indian 1 Ore., Penn., Vt., W.T., Wis., 56 lb. 
Corn. J Q^i^ ^Q^ 52 ji,. . jj. C, 64 lb. ; N. Y., 58 lb. 

iCal., 111., Ind., Jia., Mich., Minn., N. Y., Ohio, Penn., Vt., Wis., 32 lb. 
Me., Mass., N. C, N.H., N. J., 36 lb.; lo.. Mo., 35 lb. ; W.T., 361b.; 
Conn., 28 lb. ; Ky., 100 lb. to 3 bu. 

iCbnn., Ind., lo., III., Ky., Mass., Mich., Minn., Mo., N. J., N. Y., Ohio, 
Ore., Penn., Vt., W. T., Wis., 66 lb. 
Cal., 64 lb.; La., 52 lb. 

Timotliy ( III., Ind., lo., Ky., Mo., 45 lb. 
Seed. ! N. Y., 44 lb. ; Wis., 46 lb. 

Wheat, j 60 lb. in all except Conn. In Conn., 56 lb. 

JPeaa, Beans, and i\>totoe« amusnaUy-jKreigfaed at 60~ib.-to the bushel. 

1. On the common grocers' scales, what part of a pound 
is8oz.? 4oz.? 12 oz.? 

2. What is the difference in weight between 3 oz. of 
butter and 3 oz. of gold, each being weighed by its proper 
weight ? 

3. How many bushels in a ton of wheat, Michigan 
standard ? 

4. On a road when 1 T. would be a fair load for a span of 
horses, how many ban'els of salt ought a man to put on as a 
load? How many of flour? 
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5. How much does a barrel of water weigh, if 1 pt. weighs 
1 lb. ? How much a gallon? 

6. In a certain hay-field there were 1250 heaps, which 
would average 85 lb. each. How many tons in the field? 

7. How many barrels of pork will be cut from 120 hogs 
which average 175 lb. each? 

8. How many barrels of flour will be made from 2160 bu. 
of wheat, if it jield 40 lb. to the bushel ? 

9. How mau}^ scruples in 10 drams? How many grains 
in 3 vij ? In 3 V ? In | iij ? 

10. A man oi'dered a 3-oz. gold watch-case ; but, when it 
came, it weighed only 57 pwt. How much did it fall short 
of the required weight? 

11. How much will a gold watch-case weighing 2^ oz. 
cost, at $0.90 per pwt. and S20 for making? 

12. How many bushels of coal in a ton as weighed at the 
mines? 

13. At $6.00 per ton, what is coal per bushel? 

14. The specific gravity of ice being .93 (i.e., it being 
.93 times as heavy as water) , how many cubic feet in a ton 
of ice? 



MEASURES OF TIME. 

242, The denominations of time are Seconds (sec). 
Minutes (min.)^ Hours (hr.), Days (da.). Weeks {wk.)j 
Montlis {mo.)^ Tears (yr.), and Centuries (cew.). 

243. Table. 

365 da. = 1 common yr. 



60 sec. = 1 min. 
60 min. = 1 hr. 
24 hr. = 1 da. 
7 da. = 1 wk. 



366 da. = 1 leap yr. 
100 3T. = 1 cen. 



In Computing Interest^ 30 da. == 1 mo. For many purposes, 4 wk. 
are called a month. 
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Of the 12 calendar months which make up the year, September, 
April, June, and November have 30 da. each. All the others, except 
February, have 31 da. each. In common years February has 28 da., 
in leap year 29 da. What two exceptions are there to the law that 
each alternate mopth has 31 days ? 

■i 

244, Every year whose number is divisible by 4, except 
the centennial years which are not divisible by 400, is a 

Leap Year. 

Thus 1840, 1844, 1880, 1876, IflOO, 1200, 2000, are leap years. 
1551, 1842, 1883, 1500, 1100, 1900, are not leap years. 

The reason for Leap Year is this: A year is the time it takes the 
earth to go around the sun. But this is a little more than 365 days. 
Instead of reckoning this part of a day, it is neglected, and a lohole 
day is added to the year every 4th year (in general); but, as this is 
a little too much, the centennial years (in general), although they are 
the 4th years, are reckoned as common years (365 da. ). But this again 
is rejecting too many leap years: so that every centennial year which 
is divisible by 400 is made a leap year. With this correction the error 
does not amount to a day in 100000 years. 

1 . How many seconds in J a minute ? In ^ of a minute ? 
In 2 min. ? In 10 min. ? In 2J min. ? 

2. How many minutes in ^ an hour? In I an hour? In 
J an hour? In IJ hr. ? In 3 hr. ? In 5^ hr. ? 

3. What part of a day is 12 hr. ? 6 hr. ? 1 hr. ? 5 hr. ? 

4. How many days in 48 hr. ? In 36 hr. ? In 80 hr. ? 

5. Point out the leap years in the following: 1540, 1320, 
1000, 800, 560, 2100, 2290, 2400, 1875, 1876, 1877, 1878, 
1879, 1880, 1881, 1882, 1883, 1890. 



Important Facts concerning Dates. 

245. Let the pupil verify the following : — 

(a) A Common Year has 52 weeks and 1 day. 

A Leap Year has 52 weeks and 2 days. 

(6) Any Particular Date, as July 4, falls one day later in the week 
in a year succeeding a Common Year, and 2 days later in a year suc- 
ceeding Leap Year, 
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, - 

(c) To find from the present date the day of the. week €(f the same 
day in any other month of the same year, — Take the sum of the ex- 
cesses over 28 da. of the days in each month endhig in the interval. 
Divide this sum by 7, and, if the date be future, advance the day of 
the week by this remainder; if past, move the day of the week hack. 

((2) To find from the present date the day of the week qf any pre- 
ceding or succeeding date, — Reckon a day for each year closing in 
the interval, adding 1 da. more for each leap year. Divide the sum 
by 7, and, if the date be future, advance the day of the week by the 
remainder; if past, move the day of the week back by the same 
number. This will give the day of the week of the {M^esent date in 
the required year. Then pass to the required date in that year, as in 
the preceding. 

(e) To find the nuwber cf leap years that June ended in any given 
period* — Divide by 4 the number of years that have ended in the 
time: in generaly this quotient will be the number of leap years. But 
if the 1st year ending in the period is leap year, and the remainder is 
1, 2, or 3; or if the 2d year is leap year, and the remainder is 2 or 3; 
or if the 3d year is leap year, and the remainder is 3, — add 1 to the 
quotient 

(/) It ,of course aipounts to the same thing to advance the date of 
a particular day of the week as to keep the same date and throw the 
day of the week back, etc. This is often more convenient in practice. 

Ex. 1.— To-day (April 16, 1879) is Wednesday. What 
day of the week was July 24, 1827? 

Between dates 52 years have ended, 13 of whi(^ were leap years. 
(52 rf 13) -r- 7 = 9 and 2 remainder. Hence April 16, 1827, was Mon- 
day. Now, the excesses of 28 in the months ending between this and 
July 24 is 2 -}- 3 + 2 = 7. Hence the days of the week fall on the 
same days of the month in July as in April. July 16, 1827, was there- 
fore Monday, and July 24 Tuesday. 

2. Find from your present date that July 4, 1776, was 
Thursday. 

3. On what day of the week were you bom? 

4. On what day of the week will next Christmas fall? 
The 4th of July in the year 2000? (Find these from your 
present date.) 

5. Show that the da^^s of the week fall on. the same da^s 
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of the month in January as in October, in March as in 
November, in April as in July, in September as in Decem- 
ber. 

6. If May, June, or Aug. 1, of a common year, falls on 
Sunday, show that no other month of that year begins on 
Sunday. How is this in leap year? 

CIRCULAR OR ANGULAR MMSURE« 

246. A Degree is ^iu part of 
the circumference of a circle, or an 
angle measured by this part of a 
circumference, apd is designated 
thus, 1°. 

In the fij^ire from A to a is 10 degrees, 
written 10°. From A to 6 is 20°, and the 
angle BOC is an angle of 20°. From A 
to d is 45°, and the angle BOD is an angle 
of 45°. A quarter of a circumference, or 
a right angle, is 90°. 

247. A Minute (as circular or angular measure) is g^ 
part of a d^ree, and is designated thus, 1\ 5 minutes of 
this measure is written 5^ 

248. A Seoond (as circular or angular measure) is ^ 

part of a minute, and is written V\ 12 seconds is written 

12''. 

It will be observed that a degree, circular measure, is not a definite 
length: thus a degree on the circumference of 
the earth is about 69^ miles, while a degree on 
such a circle as the one in the last figure is so 
small that we could not see it. But a degree 
as the measure of an angle is a definite thing. 
Thus, if we draw an angle equal to ^ a right 
angle, and then strike a circumference with 
the vertex of the angle as a centre, there will 
be 45° of the circumference included between its sides, whether the 
circle be large or small. 





JingUitf^ 
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249. Table of Circular or Angtilar Measure. 

60" = 1', 60' = 1°, 90° = 1 Quadrant or Right Angle. 

250. A Geographic or Nautical (marine) mile is 1' of 
the equator, or about IJ common miles. 

251. Degrees of Latitude being distances north or south of the 
equator, and measured on equal circles (great circles which pass 
through the poles), are neariy equal ;^ but degrees of Longitude vary 
from 6^ miles at the equator to at the poles. In the latitude of 
Ann Arbor, Mich., a degree of longitude is 51.1 miles. At 60^ lati- 
tude, a degree of longitude is 34.53 miles. 

1 . How many minutes in 2° ? In H** ? In 10° ? In .5 of 
a degree ? In .3 ? 

2. How many degrees in 240'? In 580'? In 200'? In 
1260' how many degrees and decimals of a degree? 

3. How many seconds in J- a minute? In .75 of a min- 
ute? In .25 of a minute? 

4. On a circumference which is 1800 ft. in length (around), 
how long is a degree ? A minute ? A second ? 

5. The circumference of a circle is 3.1416 times its 
diameter (nearl}'). Show that a degree on the circumfer- 
ence of the earth is about 69| miles, the radius of the earth 
being 3962 miles. 



Miscellaneous. 

252. Of Paper 24 Sheets are called a Quire. 

20 Quires " '' a Beam. 
2 Reams " " a Bundle. 
5 Bundles " " a Bale. 



^ In consequence of the flattening of the earth at the poles, degrees of latltade 
are not absolutely equal. A degree of latitude at any place is -g^ part of the cir- 
eamfereaee of a circle which has the same curvature as the meridian at that place. 
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253. In Counting, 12 Things are called a Dozen. 

12 Dozens " " a Gross, 

12 Gross " " a Great Gross, 

20 Things " "a Score. 

254. Two things are often called a pair, and six things a set ; as 
a pair of birds, a set of spoons. 

255. The terms folio, quarto, octavo, applied to books, indicate 
the number of leaves into which a sheet of paper is folded. Thus, 
when a sheet of paper is folded into 2, 4, 8, 12, 16, 18, or 24 leaves, 
the forms are called respectively, folio, 4to or quarto, 8vo or octavo, 
12mo, 16mo, 18mo, and 24mo. 



LONGITUDE AND TIME. 

256. As the sun appears to pass around the earth from 
east to west, and as the hours of the day are determined by 
its apparent position, an}' given hour comes to a place at the 
east before it does to a place at the west : thus it is noon at 
New York before it is noon at Detroit, Mich. Hence, when 
it is noon at Detroit, it is after noon at New York. In like 
manner, when it is noon at Detroit, it is before noon at 

Omaha, Neb. 

« 

257. Principle. — Wlien it is any given hour of the day 
at any given place^ it is Later at places Eastward^ and Earlier 
at places Westward. 

258. To ascertain just how great this Difference in Time 
is, we have only to consider, that, as the sun appears to go 
around the earth — that is, to pass over 360° of longitude — in 
24 hours, in 1 hr. it passes over 360 -=- 24, or 15° of longi- 
tude. Then 1° of longitude makes a difference of ^ of 1 hr. 
(60 min.), or 4 min. in time ; and 1' of longitude makes a 
difference of ^ of 4 min. (240 sec.) or 4 sec. in time. 
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259. Table of Longitude and Time. 

15° longitude make 1 hr. diff. in time. 
1° longitude makes 4 min. diff. in time. 
1' longitude makes 4 sec. diff. in time. 

260. Rule. — I. To change longUude to time^ multiply tJie 
degrees^ minutes^ and seconds by 4^'caUing the product mm- 
utes^ seconds^ and GOths of a seconds 

II. To change time to longitude^ express the time in min- 
utes and seconds y andy dividing by 4^ call the quotient 
degrees and minutes. 

The reason for this is apparent ; since 1^ corresponds to 4 min. of 
time, 1' to 4 sec. of time, and V is ^ of 1'. 

1. Adrian, Mich., is in 84° west longitude; and Fort 
Kearne}', Neb., is in 99° west longitude. When it is 9 
o'clock A.M* at Adrian, what time is it at Fort Kearne}''? 
When it is noon at Fort Kearney, what time is it at Adrian ? 

How many degrees west of Adrian is Fort Kearney ? 

2. New- York City is in longitude 74° west, and San Fran- 
cisco in 122^° west. What is the difference in time? 
When it is 6 a.m. at New York, what time is it at San Fran- 
cisco? When it is 4 p.m. at San Francisco, what time is it 
at New York ? 

3. In the latitudb of Ann Arbor, Mich., 51.1 miles make 
a degree of longitude. Detroit is 38 mi. east of Ann Arbor. 
What is the difference in time ? 

4. What is the difference in longitude between two places 
whose difference in time is i an hour? 

5. What is the difference in longitude between two places 
whose difference in time is 3| hi*. ? 2 J min. ? 2 hr. 15 min. 
20 sec. ? 

6. New York being in longitude' 74° west, and New Or- 
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leans in 90® weist, when it is 2 p.m. at New York, what time 
is it at New Orleans? When it is 11 a.m. at New Orleans, 
what time is it at New York ? 

7. What is the difference in time biBtween Chicago, ST** 37' 
37" W. long., and Cincinnati, 84® 27' W. long. ? When it 
is 5 P.M. at Chicago, what is the time at Cincinnati? When 
it is 8 A.M. at Cincinnati, what time is it at Chicago? 

8. The difference in time between two places being 1 hr. 
'22 min. arid 32 sec, what is the difference in longitude? 

9. A telegraphic signal given from Washington, D.C., at 
3.20 P.M., was received at St. Louis, Mo., at 2.27 p.m. The 
longitude of Washington being 77® 0' 15", what is that of 
^t. Louis? 

10. The difference in time between Buffalo and Clevfelarid 
beingll min., what is the difference in longitude? 

11. Boston, Mass., and Ann Arbor, Mich., are in about 
the same latitude ; and the difference in time is 51 min. At 
this latitude 51;l mi. make a degree of longitude. What is 
the distance in a direct line from Ann Arbor to Boiston? 

12. Berlin, Prussia, is in longitude 1^® 23' 53" E., and 
Boston is in longitmie 71® 4' 9" W. When it is 4 a;m. at 
Berlin, what time is it at Boston? 

13. Annapblis, Md., and Cincinnati, 0., are both in lat- 
itude 39® N. (nearly). On this parallel a degree of longi- 
tude is 53.47 mi., and the distance between the places is 
'422.413 mi. What is the difference in time? 

14. The difference in time between Logansport, Ind., and 
Omaha, Neb., is 39 min.; and the distance between them 
is 509 mi. How many miles make a degree of longitude at 
this latitude? 

15. In the latitude of Milwaukee, Wis. (43® 2'), 50J mi. 
make a degree of longitude. How far east or west of Mil- 
waukee do you have to go to make a difference in time of 1 5 
min. ? Of 20 min. ? Of J^ an hour ? Prairie du Chien has 
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the same latitude. A man's watch being set to Milwaukee 
time, he found it 13^ min. fast at Prairie du Chien. How far 
is it in a direct line from one place to the other ? 

16. The difference in time between Detroit and Chicago is 
19 min. If my watch is set to Chicago time, how will it 
compare with Detroit time? The longitude of Detroit is 
82° 58' west. What is the longitude of Chicago? 

17. Allowing no time for the passage of the current, at 
what time would a telegraphic signal sent from Ann Arbor, 
83° 50' 48".3 W., at 3.45^ p.m., reach Cambridge, Mass., 71° 
r 24".9 W. ? 

18. Pekin, China, is 116° 27' east longitude, and Wash- 
ington is 77° west longitude. When it is noon on Jan. 1 
at Washington, what time is it at Pekin? 

19. Suppose the explosion of a meteor to have been 
observed at Ann Arbor at 2 o'clock 35 min. 27 sec. a.m., 
and at another point in the same parallel at 3 o'clock 4 min. 
10 sec. A.M. : how many miles are the places apart? Is the 
second east, or west, of Ann Arbor? What is its longitude? 
See Exs. 17 and 11. 

20. A and B sailed together from San Francisco. A kept 
his watch by San Francisco time, and B set his by the sun 
every daj-. After 10 days, A's watch was 4 hours 39 min- 
utes faster than B's. In what longitude were they then, the 
longitude of San Francisco being 122° 26' 15" west? 

21. At which point does the sun rise first, — at Philadel- 
phia, 75° 9' 23".4 W., or St. Louis, 90° 15' 10" W.? How 
much? 



r 
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SECTION II. 

REDUCTION. 

261. Reduction of Denominate Numbers is the process 
of changing the denomination in which a number is expressed 
without altering the value represented by it. If the change 
is from higher denominations to lower, the reduction is said 
to be Descending; if from lower to higher, Ascending. 

1. In 4 yd. 2 ft. 9 in. how many inches? 

Ofbration. Explanation. 

4 yd. 2 ft. 9 in. Since 3 ft. make a yard, in any number of 

? yards there are 3 times as many feet as yards. 

J^ ^*« Hence in 4 yd. there are 3 times 4, or 12 ft. \ 

-^ . which, with the 2 ft., make 14 ft. 

1T7 m. 

Since 12 in. make a foot, in any number of feet there are 12 times 
as many inches as feet. Hence in 14 ft. there are 12 times 14, or 
168 in. ; which, with the 9 in., make 177 in.' Hence 4 yd. 2 ft. 9 in. 
are 177 in. 

Is this reduction descending, or reduction ascending ? Wliy ? 

2. In 5127 pt. of water, how many barrels, gallons, quarts, 
and pints? Or reduce 5127 pt. liquid measure to the higher 
denominations of that measure. 

Operation. Explanation. 

2 ) 5127 pt Since every 2 pt. make a quart, in 5127 pt. 

4 ) 2563 qt. 1 pt. there are as many quarts as 2 is contained 
640_gal. 3qt. times in 5127; i.e., 2563 qt. and 1 pt. 
31.5 ) 640.0 ( 20 bbl. [Let the pupil fill out the explanation. J 

. •. 5127 pt. = 20 bbl. 10 gal. 3 qt. 1 pt. 



630 



10.0 gal. 
Is this reduction descending, or reduction ascending ? Why ? 
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To JReduce Denominate Numbers. 

262. Rule. — I. Reduction Descending wpcr/ormcd &y 
beginning with the highest denomination given, multiplying 
this by the number which it takes of the next lower to make 
one of this higher, and adding to this product the given num- 
ber of this next lower denomination. Reduce this sum to the 
next lower denomination in a Wee manner, and add to the 
result tlie given number of this lower. Proceed in this man- 
ner till the denomination required is reached, 

II. Reduction Ascendiiig e« performied by dividing the 
given number by the number of this denomination which it 
takes to moke one of the next higher denomination, and treat- 
ing the quotient thus arising in like manner, proceeding thus 
tiU the desired denomiiiation is reached,^ 



Examples for 'Practice. 

Each of the foJlowing will affbi-d an exercise for both fofms 
of reduction : — 

1. 3 da. 5 hr. 17 min. = 278220 sec* 

2. 442 pt. = 6 bu. 3 pk. 5 qt. 

3. 6 gal. 3 qt. 1 pt. =: 55 pt. 

4. £32 125. 10rf. = 7834d. 

5. 8 lb. 6 oz. 12 pwt. 16 gr. = 49264 gr. 

6. ivj3iij 3j = 154sc. 

> It is scarcely expedient to give an abstract demonstration of a rule so mechanic 
cal as this. In fact, tbe author has doubts about the expediency of giving the nile 
at all. Be carcftil, however, that the rationale of the process is understood, and can 
be given with ease and elegance. 

> These examples should be assigned in both ways, each making two examples, — 
one in reduction descending, and one in reduction ascending. Thus this one will be 
given, ** Express 3 da. 5 br. 17 min. in seconds; " and again, " Express 278220 sec 
in days, hours, and minutes." In assigning them for work on the blackboard tbe 
two examples may be assigned to two students standing together, and thus one will 
"provo ** the other's work. 
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7. 78692 gr. = 13 lb. 7 oz. 18 pwt. 20 gr. 

8. 5382 oz. (avoirdupois) =3 cwt. 36 lb. 6 oz. 

9. 78562 cu. ft. = 613 cd. 98 cu. ft. 

10. 4268 sq. rd. = 26.675 A. 

11. I of abbl. = 189 pt. 

Suggestion. — This should be solved thus: — 

f X^X;<X*=189. 

Why is I multiplied by ^ ? Is this quite in accordance with the 
rule (262) ? 

The converse process is thus performed: — 

X8 9^ _j^ qi 1 iq 18J9 w _2_ 3 

2X4 • 2 ^* 4X2 ^ 6 3 4* 

Does this process differ from that given in the rule (262) ?^ 

12. 41 cords = 608 cu. ft. 

13. 2 gal. = 5 > pt. J pt. = £^ gal. 

14. 2 A. 110 sq. rd. = 430 sq. rd. 

15. 6875988 cii. in. =31 cd. 11 cu. ft. 276 cu. in. 

16. 12 bbl. 19 gal. 2 qt. =3180 pt. 

17. 368 pt. = 5 bu. 3 pk. 

18. 30630 min. = 21 da. 6 hr, 30 mln. 

19. 172800" = 48^. 

20. 17 sq. ft. 27 sq. in. = 2475 sq. in. 

21. 75288 gr. = 13 lb. 17 pwt. 

22. 3.25 gal. = 26 pt. 

Does the process by which we perform this constitute an exception 
to the general rule (262) ? 

23. 12 ft. 9 in. = 12.75 ft.- 

How are inches reduced to feet ? 9 -r- 12 = what decimal ? Does 
this process constitute an exception to the rule (262) ? 

24. 3 in. = .083J j^d. 

1 It should be the aim of the teacher to show that we need no special rules for 
reduction of denominate fractions. 
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How are inches reduced to feet ? How are feet reduced to yarda ? 
8~12 = .25. .25 H- 3 = .083i. 

25. £4.67 = £4 135. Ad, 3,2 far. 

How is the £ .67 reduced to shillings ? How is .48. reduced to 
pence ? 

26. 3^ wk. = 1 da. 15 hr. 12 min. 

??X7 = llf. i|XW=15i. iX 60 = 12. 
.*. ^ wk. = 1 da. 15 hr. 12 min. 



12-h60 = f 15lH-24 = ^^?^ = |f. 1H^7 = 

N.B. — Let the pupil trace this work till he sees clearly that the 
processes form no exceptions to the general rules for reduction. 

27. .475*^=28' 30". 

28. 3 iv ^ ij = 1^ oz. 

29. .345 of a bbl. of flour = 67 lb. 9Jg oz. 

30. 16 lb. 8 oz. = .275 bu. of wheat, or H bu. 

31. 43 ixi. 11.7 in. = .13456 mi.+. 

32. I oz. = 16 pwt. 16 gr. 

33. I bu. = 3 pk. 1 qt. 1 J pt. 

34. 213 Yd. 1 yd. 2J ft. =f mi. 

35. A pile of wood 4 ft. long, 3 ft. high, 4 ft. wide = 
ged. 

36. § ix 3 j 3 ij gr. viij = .76875 lb. 

37. 3 lb. 10 oz. troy = 3 lb. 2J oz. avoirdui)ois nearly. 

38. 528 chains = 6 mi. 192 yd. 

39. 2Jmi. = 220ch. 

40. 3 eh. 4 Ik. = 200.64 ft. 

41. 2^A. = 25sq. ch. 

42. A lot 12 ch. 24 Ik. by 15 ch. 40 Ik. = 18.8496 A. 

12.24 X 15.4 ^ 10 = 13.8496. 
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43. 3 A. = 300000 sq. Ik. 

44. A lot 81 ch. 52 Ik. by 34 ch. 2 Ik. = 277.3 A.+. 

45. 756 ca. ft. = 1306368 cu. in., or 5.9^'g cd. 

46. .24 bu. wheat = U lb. p.4 oz. 

47. 75 sq. rd. 12 sq. 3'd. 4 sq. ft. = 20530i sq. ft. 

48. 165888 cu. in. = f . cd. 

49. 8410 Ik. = 1 mi. 4.1 ch., or 1.05125 mi. 

50. 24^ lb. = ^ bbl. flour. 

51. 5f3 36m = .7f|. 

52. .008 mi. = 2 rd. 9.24 ft. 

53. 868 = 680 d. = 6800 ct. = 68000 m. 

54. 3256 m. = 325.6 ct. = 32 d. 5 c. 6 m. = $3,256. 

55. 1250^ = 0241.25. $10 = 51^8^+. 

56. 5^'P = $19.30. $100 = 25N»P 18^' 13H-. 

57.5 fathoms = ft. ? 256 ft. = fathoms ? 

58. 2 mi. 34 rd. 3 yd. = yd. ? 

59. 200 yd. = mi.? 

60. 1 mi. = yd. ? 40 rd. = yd. ? 

61. 100 yd. =;= rd. ? | yd. = wliat part of a rd. ? 

62. A lot 5 rd. by 8 = what i>art of an aei'e? 

63. 32 A. = sq. yd. ? 5 sq. rd. = A. ? 

64. A lot 7.21 eh. by 3.40 ch. =2.4514 A. 

65. 5 A. 110 sq. rd. 1 sq. j'd. =: 5.6877 A. very nearly. 

66. f cd. = cu. ft. ? 12 cu. ft. =: what part of a cd. ? 

67. 5 cd. 120 cu. ft. = cu. yd. ? 

68. 1376 cu. yd. = 290J cd. 1 cu. yd. = — — cd. ? 

69. 3 bbl. 20 gal. = qt. ? 

70. 4000 qt. =31 bbl. 23^ gal. =31|5 bbl. 

71. 10 gal. 3 qt. 1 pt. = 43.5 qt. 

72. 126J qt. =31 gal. 2 qt. 1^ pt. = 1 bbl. 1^ pt. 

73. 43 qt. = 5 pk. 3 qt., or 5f pk. 

74. ^'j bu. -=5^ pt. 

75. 3.416 bu. =3 bu. 1 pk. 5^ qt. nearl}'. 

76. 2 bu. 3 pk. 5 qt. 1} pt. = 187.5 pt. 
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77. 1 bii. 1 pk. Iqt. 1 pt. = how mau}' pecks? 

78. 2 bbl. 15 gal. 110^ pt. = 91.78125 gal. 

79. 5287 qt. = bbl. gal. qt- pt.? 

80. 786 gal. = pt.? 

81. 4 lb. 8 oz. 12 pwt. 16 gr. = 27184 gr. 

82. 3 lb. 10 oz. 20 gr. = 462V oz. 

83. 342f oz. = 28 lb. 6 oz. 8 pwt. 

84. 1 T. 13 cwt. 58 lb. = 3358 lb. 

85. 7129 lb. = 3 T. 11 cwt. 29 lb. 

86. 7129 lb. = 3 T. 3 cwt. 73 lb. U. S. customs weight. 

87. 52 rd. 4 yd. 2 ft. = i%i mi. 

88. ly^ bbl. = 34 gal. 1 pt. 

89. 2 In*. 52. min. 48 sec. = ^ da. 

90. ^ bu. = T^ pt. 

91. 11 da. = J J mo. = g^y yr. in computing interest. 

92. 2 mo. 13 da. = .2028— 3T. in computing interest. 

93. 2 yr. 5 mo. 7 da. = 2.436 yr.— , as above. 

94. 11 yr. 10 mo. 21 da. = 11.89 yr.+, as above. 

95. 4 3T. 10 mo. 24 da. = 58.8 mo., as above. 

96. 3.725 yr. = 3 yr. 8 mo. 21 da., as above. 

97. 7 mo. 6 da. = .6 3T., as above. 

98. 1 yr. 8 mo. 12 da. = 1.7 3T., as above. 

99. 1 3'r. 4 mo. 24 da. = 1.4 yr., as above. 



SECTION III. 

ADDITION. 

1. There are three casks which contain 2 gal. 3 qt. 1 pt., 
5 gal. 2 qt. 1^ pt., and 4 gal. 1 qt. 1^ pt. How much do 
they all contain? 

How many pints are 1^, 1}, and 1? How many quails does this 
make ? 2 qt., 1 qt., 2 qt., and 3 qt., make how many quai*ts ? How 
many gallons does this make, and how many quarts over? 2 gal., 
4 gal, 5 gal., tAid 2 gal., make \iow mu\\>j %?t\\Qitta? 
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2. There are 5 pieces of rope whose respective lengths 
are 2 yd. 2 ft. 3 in., 4 yd. 1 ft. 7 in., 3 yd. 2 ft. 5 in., 5 yd. 
2 ft. 10 in., and 3 yd. 2 ft. What is the entire length? 

Operation. Explanation. 

2 yd. 2 ft. 3 in. We write numbers of the same denomina- 

4 yd. 1 ft. 7 in. tion in the same column, because such are 

3 yd. 2 ft. 5 in. more conveniently added together. We then 

5 yd. 2 ft. 10 in. begin the addition with the lowest denomina- 
3 yd. 2 ft. tion, because we can thus tell whether there 



20 yd. 2 ft. 1 in. will arise any of the higher denominations 

from adding the lower, and, if there does, 
can add it with the higher denominations as we go along. [Were we 
to commence with the highest denomination, we should have to revise 
our results after having added all the columns. Let the pupil try it.] 

In this example the sum of the inches column is 25 in. = 2 ft. 1 in. 
The sum of the feet column, together with the 2 ft. from the inches 
column, is 11 ft. =3 yd. 2 ft. The sum of the yards column, together 
with the 3 yd. from the feet column, is 20 yd. 

To Add Compound Numbers* 

263. Hule. — Write the numbers so that like denomina- 
tions shall stand in the same column. 

Beginning with the lowest denomination^ add the numbers 
in it^ and divide the sum by the number it takes of this de- 
nomination to make 1 of the next higher. Write the remain- 
der under the column added^ and add the quotient to the next 
denomination. 

Proceed in this manner with each denomination in succes- 
sion^ writing the entire sum of the highest. 

The pupil should give the reasons (Demonstration) in order. He 
is to tell (1) Why we write the numbers as the rule directs; (2) Why 
we begin with the lowest denomination; (3) Why we reduce the 
several sums to the higher denominations. (See "Explanation" 
above. ) 

3. What is the amount of £105 Is. 2d. 3 far., £218 lis. 
5d. 2 far., £199 17s. 9d. 2 far., and £77 18s. 3d. 3 far.? 
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4. What is the sum of 8 lb. | xj 3 vj 3 ij, 9 lb. f x 
3vij 3j, 4 lb. |vij 3 iij 3h 17 lb. | viij 3 iij 3 j, and 
45 lb. I xj 3 iij 3 j ? 

5. What is the sum of 10 rd. 3 yd. 1 ft. 7 in., 7 rd. 2 yd. 

2 ft. 5 in., 3 rd. 4 yd. 1 ft. 9 in., 5 rd. 2 yd. 1 ft. 10 in., 
and 13 rd. 4 yd. 11 in.? 

6. What is the sum of 145 bu. 3 pk. 1 qt., 163 bu. 1 pk. 

3 qt., 275 bu. 2 pk. 7 qt., 45 bu. 3 pk. 6 qt., and 73 bu. 1 pk. 
5qt.? 

7. What is the amount of £13 17s. lid. 1 far., £22 14s. 
9d. 1 far., £37 18s. 6d. 3 far., and £46 13s. 7d. 2 far.? 

8. A silversmith bought of A 3 lb. 9 oz. 14 pwt. 16 gr. 
of silver, of B 9 lb. 11 oz. 17 pwt. 18 gi\, of C 1 lb, 8 oz. 
19 pwt. 21 gr., and of D 3 lb. 7 oz. 12 pwt. 16 gr. How 
much silver did he buy? 

9. What is the amount of 45 cd. 23 eu. ft. 25 eu. in., 
273 cd. 75 cu. ft. 684 cu. in., 97 cd. 18 cu. ft. 384 cu. in., 
250 cd. 64 cu. ft. 197 cu. in., and 264 cd. 84 cu. ft. 848 
cu. in. ? 

10. What is the sum of 86 sq. yd. 7 sq. ft. 46 sq. in., 
245 sq. yd. 8 sq. ft. 89 sq. in., and 265 sq. yd. 7 sq. ft. 128 
sq. in. ? 

11. What is the amount of 5 bbl. 20 gal. 3 qt. l^pt., 
7 bbl. 25 gal. 2 qt., 28 gal. 1 qt^, 3 bbl. 30 gal. If pt., 2 qt. 
IJpt., 13 gal., 2 qt. If pt.? 

12. What is the sum of f of a bushel, 2.64 pecks, .5 bu., 
12f qt., lOJ^ pk., and 320 pt. in bushels? 

13. What is the sum of 8 yd. 2 ft., 75^ ft., 2005 in., 
4.35 yd., 28f ft., 3§ yd., .25 ft., and 226 ft. in rods? 

14. Mr. E. Jones owned 1^ sections of land in one town- 
ship, 80 acres in another, a quarter section in another, a 40- 
acre lot in another, and a piece of land 40 rods by 40 chains 
in another. How much land had he in all? 
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SECTION IV. 

SUBTRACTION. 

1. From 3 lb. 8 oz. 16 pwt. subtract 1 lb. 3 oz. 12 pwt. 
17 gr. 

Operation. Ezplanatiok. 

3 lb. 8 oz. 16 pwt. We write the denominations of the 

1 lb. 3 oz. 12 pwt. 17 gr. subtrahend under like denominations 

2 lb. 5 oz. 3 pwt. 7 gr. j^ ^^e minuend, because it is more con- 

venient to subtract a number of any 
denomination from another of like denomination. We begin to sub- 
tract at the lowest denomination ; so that, if there should chance not 
to be as many of any particular denomination in the minuend as In 
the subtrahend, we can take one from the next higher denomination 
m the minuend, and put it with the number in this deficient denomi- 
nation. Thus in this example there are no grains represented in the 
minuend; but we can take one of the 16 pwt. which makes 24 gr.^ 
and, subtracting 17 gr. from it, have 7 gr. left. Then 12 pwt. from 
15 pwt. leaves 3 pwt., etc. 

To Stihtract Compound Numbers. 

264. Rule. — Write the subtrahend under the minuend so 
that its denominations shaM fall under the corresponding 
denominations of the minuend. 

Begin with the lowest denomination^ and take the number 
represented in each denomination of the subtrahend from the 
number in the corresponding denomination in the minv^ndy 
and write the remainder underneath. 

If the number in any denomination in the minuend is less 
than the corresponding number in the subtrahend, take 1 of 
the next higher denomination of the minuend in which there 
are any, and reducing it to this lov)er denomination , and unit- 
ing it with what there may be in this denomination, perform 
the subtraction. 



200 • DENOMINATE NUMBERS. 

Observe, when passing to the higher denominations, how 
much remains in them, 

2. From 14 bu. 3 pk. 4 qt. 1 pt. subtract 8 bu. 3 pk. 7 qt. 

3. From £10 12s. 7d. take £6 Ss. 5d. 

4. From £17 0«. 3d. take £9 10s. 5d. 

Opbbation. Szflanation. 

£17 09. 3(2. As 5(2. cannot be taken from 3(2., we take 

£ 9 IPs. 5(2. £1 =20s., and taking 1 of the 208., which makes 
£ 7 98. 10(2. i2d., subtract 5(2. from 12 + 3(2., or 15(2. Then 

we have 108., which we subtract from the 198. re- 
maining of the £1. Finally we take £9 from £16. 

5. From 10 bu. 3 pk. 4 qt. take 4 bu. 1 pk. 2 qt. 

6. From 1 bu. 1 pk. 1 qt. take 2 pk. 1 qt. 1 pt. 

7. From J bu. take 3 qt. and 2 pt. 

8. From 5 bbl. 24 gal. 2 qt. take 1 bbl. 27 gal. 3 qt. 

9. From 4 lb. 8 oz. 12 pwt. take 2 lb. 5 oz. 17 gr. 

10. From 1 lb. take 15 pwt. 20 gr. 

11. From 5 mi. 100 rd. 12 ft. take 2 mi. 30 rd. 15 ft. 

12. From 27 A. take 110^ sq. rd. 

13. From 2i cords take 120.32 cu. ft. 

14. From 5 3'd. take 5 ft. 

15. From 2 T. 12 cwt. take 3420 lb. 

16. From ^ section take 51 A. 45 sq. rd. 

17. From | vij 3 iij 3 j take | iij 3 v 3 ij. 

18. Sold from a barrel of molasses 10 gal. 3 qt. 1 pt. 
How much remained ? 

19. From the sum of 3 lb. 13 oz., 2 lb. 5 oz., and 6 lb. 
11 oz., take 12 lb. 10 oz. 

20. From i yd. take 7 in. 



To Find the Time between Two Dates. 

265. There are three methods in use for estimating the 
time between two dates ; viz. : — 
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(1) To find the exact time in days. 

(2) To find the time as commonly reckoned in computing 
interest; that is, reckoning 30 da3's as a month, and 12 
months as a year. 

(3) To find the time in calendar years, months, and da3'S. 

266. Exact Time in Days. 

1. What is the eocact time in days between Jan. 12, 1856, 
and May 15, 1874? 

Solution. — Between Jan. 12, 1856, and Jan. 12, 1874, are 1874 — 
1856 = 18 yr., in which there are 5 Februaries containing 29 days 
each.i Hence in these 18 yr. there are 365 X 18 + 5 = 6575 days. 
Then from Jan. 12 to May 15, 1874, there are 19 + 28 + 31 + 30 + 15 
= 123 days. Therefore there are in all 6575 + 123 = 6698 days be- 
tween these dates. 

2. What is the exact time in days between April 5, 1860, 
and Nov. 24, 1875? 

3. Find the exa^ time in days between the 4th of July 
and Christmas. 

4. Between May 6, 1878, and Aug. 10, 1878. 

5. Between July 17, 1875, and April 11, 1876. 

6. Between Oct. 7, 1878, and Jan. 23, 1879. 

7. Between March 21, 1879, and May 18, 1879. 

8. Between June 7, 1876, and Aug. 15, 1876. 

9. Between Jan. 5, 1872, and April 1, 1872. 
10. Between Jan. 5, 1873, and April 1, 1873. 



267. To FIND THE Time between Two Dates, reckoning 

30 DA. =1 MO., AND 12 MO. =1 YR. 

1. Reckoning 30 da. a month, and 12 mo. a year, what is 
the time between Aug. 17, 1871, and Feb. 3, 1875? 

1 That is, those in the leap years 1856, 1860, 1864, 1868, Axv^l^T^. 
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Operation. Ezplanatiok. 

1875 yr. 2 mo. 3 da. The later date (larger number) is the 

1871 yr. 8 mo. 17 da. 1875th year, 2d month, 3d day. The 

3 vr 5 mo 16 da earlier is the 1871st year, 8th month, and 

17th day. These dates are subtracted as 
in ordinary subtraction, calling 30 days a 
month, and 12 months a year.^ 

Find the time between tlie following dates, reckoning 12 
mo. a year, and 30 da. a month : — 

2. March 16, 1850, and Dec. 5, 1871. 

3. Aug. 23, 1846, and April 2, 1827. 

4. Dec. 22, 1620, and Jan. 19, 1875. 

5. May 5, 1872, and July 15, 1873. 

6. April 17, 1878, and July 7, 1880. 

7. Oct. 9, 1872,.and May 30, 1876. 

8. Dec. 27, 1874, and June 30, 1878. 



268. To FIND THE Time, reckoning Calendar Months and 

Years. 

1. Mrs. J. was born Dec. 5, 1825. What was her exact 
age, in calendar years, months, and days, on the 20th day of 
January, 1875? 

Suggestion. — Such a question should be answered by giving the 
entire years and calendar months between the dates, and adding the 
remaining days. Thus, in this case, from Dec. 5, 1825, to Dec. 5, 
1874, is 49 years ; from Dec. 5, 1874, to Jan. 5, 1875, is 1 mo. ; and 
from Jan. 5 to Jan. 20 is 15 days. Hence Mrs. J.'a age is 49 yr. 1 mo. 
15 da. 

^ a full explanation of this process requires that we understand that the earlier 
date is really 1874 yr. 1 mo. 3 da. after the Christian era, and the later 1870 yr. 7 mo. 
17 da. after the same time. Hence we should have 1874 yr. 1 mo. 3 da. 

But it is a litUe more convenient to take the dates as we 1870 yr. 7 mo. 17 da. 

are accustomed to name them, and subtract. That this — r ~ TTT^ 

process gives the correct difference is evident, since it is ^ ' 

oD)y increasing both minuend and subtrahend by 1 yr. 1 mo., and hence leave* the 
difference the Bame. 
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2. What is Mr. O.'s age March 12, 1875, he having been 
born July 24, 1827? 

All such problems can be solved by subtraction if we 
observe the following — 

269. Rule. — In reckoning calendar months and exact days, 
when subtracting the days, "borrow," and, when adding, "carry," 
according to the number of days which make tJie month next preceding 
thai, in which the period terminates ; and when obtaining a date by 
subtraction, should a fall in mouths order, transfer 1 yr. = 12 mo. 
to that order. 

3. What is Mr. O.'s age March 12, 1875, 1875 3 12 
he having been bom July 24, 1827? ~ 4 7 7 16 

The month " borrowed " is February, 28 da. 

4. What is Mary's age Aug. 15, 1875, she having been 
bom July 20, 1868? 

The month "borrowed" is July, 31 da. 

5. A note dated Jul}" 25, 1857, matures in 5 yr. 3 mo. 
24 da. When is it due ? 

The month " carried " (filled out) is the 10th, 31 da. 

6. June 8, 1877, 1 have a note which has mn 2 yr. 5 mo. 
10 da. What is its date? 

Subtracting, we have 1875 29, which is Dec. 29, 1874. 

7. Feb. 12, 1876, Henry is 10 yr. 1 ino. 15 da. old. When 
was he bora ? 

8. What is the exact time in days from Sept. 7, 1873, to 
Dec. 10, 1875? 

Subtracting, we have 2 yr. 3 mo. 3 da. The 2 yr. =730 da., and 
the 3 mo. = 91 da. 
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SECTION V. 
270. MULTIPLICATION. 

1. Multiply 5 yd. 2 ft. 8 in. by 7. 

Operation. Explanation. 

5 yd. 2 ft. 8 in. The multiplier is written under the lowest 

'^ denomination of the multiplicand as matter 

41 yd. ft. 8 in. of custom. We commence the multiplication 

with the lowest denomination, since by so 
doing we can find how many of the next higher denomination any 
particular product makes, and thus add it in with the next product 
as we pass along. Thus 7 times 8 in. are 56 in. = 4 f t. 8 in. Writing 
the 8 in. under inches, we reserve the 4 ft. to be added to the next 
product. 7 times 2 ft. are 14 ft., which, with the 4 ft. from the preced- 
ing product, make 18 ft. = 6 yd. ft. Finally, 7 times 5 yd. = 35 yd., 
which, with the 6 yd. from the preceding product, makes 41 yd. Hence 
7 times 5 yd. 2 ft. 8 in. are 41 yd. 8 in. 

2. Multiply 5 lb. 13 oz. by 8. 

(1) Where do you write the multiplier ? Why ? 

(2) Where do you begin to multiply ? Why ? 

(3) What do you do with the product arising from multiplying any 
particular denomination by the multiplier ? Why ? 

Pupil vmte the rule, and the reasons for it; that is, the Rule and 
the Demonstration. 

3. Multiply £7 9s. 5d. by 6. 

4. Multiply 1 cd. 112 cu. ft. by 10. 

5. Multiply 12 gal. 3 qt. 1 pt. by 7. By 100. 

6. Multiply 4 oz. 12 pwt. 21 gr. by 16. By 132. 

4 oz. 12 pwt. 21 gr. 
132 





9 


5 


18 


Product by 


2. 


11 


7 


6 


6 


(( 


(( 


30. 


38 


8 


7 


12 


(( 


tt 


100. 



51 lb. oz. 19 pwt. 12 gr. Product by 132. 

7. Multiply 17 A. 35 sq. rd. 4 sq. yd. 5 sq. ft. by 23. 

8. Multiply 4 mi. 110 rd. 17 ft. by 127. By 250. 

9. Multipl}'^ 5 da. 15 hr. 13 min. 20 sec. by 341. 
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10. Multiply 10° 12' 14" by 45. By 6. By 13. By 10. 

11. Multiply 3 lb. § viij 3 i j 3 j by 4. By 12. By 24. 



SECTION VI. 
DIVISION. 



1. Divide 23 da. 15 hr. 51 min. by 7. 

Opekation. Explanation. 

7 ) 23 da. 15 hr. 51 min. We begin the division with 

3 da. 9hr. 7 min. msec. ^^^ /iiflr/ie8« denomination, since, 

if there is any remainder, it can 
• • be reduced to the next lower 

denomination, combined with what is expressed in this denomination, 
and the whole sum divided at once. Thus 23 da. -7- 7 = 3 da. and 
2 da. ( =48 hr.) remainder. Then 48 hr. + 15 hr. =63 hr., which, 
divided by 7, gives 9 hr. 51 min. -^7 = 7 min. and 2 min. (or 120 sec. ) 
remainder. 120 sec. -r- 7 = 17^ sec. 

2. Divide 12 lb. 15 oz. by 8. 

3. Divide 125 bbl. 17 gal. 3 qt. by 36. 

Operation. 

36 ) 125 bbl. 17 gal. 3 qt. (3 bbl. 15 gal. IJJ qt. 
1^ 

17 bbl. remaining, 
31^ 



gl Explanation. 

17 Dividing 125 bbl. by 36, we find the quo- 

^1 tient 3 bbl., and a remainder 17 bbl. Re- 

— ^ ducing this to gallons, and adding the 17 gal. 

552i gal. .j^ ^^^ dividend, we have 552^ gal. This, 

^02 divided by 36, gives a quotient 15 gal., and a 

180 remainder 12^ gal. This, reduced to quarts, 
~12j gal. rem» makes, with the 3 qt. of the dividend, 53 qt. 

4 Dividing this by 36, we have l^^J qt. 

60 qt. 

Jqt. 

53 qt. 
36 

17 qt. rem. 
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To Divide Compound Numbers. 

271. Rule, — I. Write the divisor on the left hand of the 
dividend^ and the quotient underneath the dividend^ or at its 
rights according as you divide by short or long division. 

II. Beginning with the highest denomination^ divide it, and 
write the quotient of this denomination in its place. Reduce 
the remainder (if any) to the next lower denomination, and 
add to it the number of this denomination in the dividend. 
Divide as before, reducing the remainder to the neost lower 
denomination. 

Proceed in this manner till the division is complete. 

Demonstration. — The general principle involved in this opera- 
tion is the same as that involved in simple division; viz., the quotient 
is found by dividing the parts of the dividend separately, and adding 
the quotients. (See rule for Simple Division and its demonstration. ) 

The relative position of dividend, divisor, and quotient, is mainly 
matter of custom or convenience. 

The division is commenced at the left hand, in order that the 
several remainders which may arise may be reduced and combined 
with the lower denominations as the work proceeds. 

4. Divide £25 10s. Sd. by 9. 

5. Divide 28 lb. 14 oz. by 5. 

6. Divide 3 lb. § vij 3 iv 3 ij by 6. 

7. Divide 20 A. 100 sq. rd. by 10. By 27. By 13. 

8. Di\ide 6 mi. by 115. 

9. Divide 1 bbl. by 22. 

10. Divide J a bushel by 7. 

11. Divide 7f cords b}'^ 3. 

12. Divide 5 yd. 1 ft. 8 in. by 4. 



13. How many times is 2 bu. 3 pk. 7 qt. contained in 
17 bu. 2pk.? 

Suggestion. — Reduce both dividend and divisor to the lowest 
denomination in either, and then divide. 
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14. Divide 3 bbl. by 6 qt. By 20 gal. 2 qt. By 5 gal. 
3 qt. 1 pt. 



SECTION vn. 

PRACTICAL EXPEDIENTS. 

[The purpose of this section is to exhibit a few of the practi- 
cal expedients by which common arithmetical operations may be 
abridged. While the pupil should perform the operation intelligently, 
and henee should occasionally be asked to give a ** solution," the 
chief purpose is to secure facility in getting results.] 

.CONTRACTIONS IN MULTIPLICATION. 

272. To Multiply by 25. — Multiply by 100, and then 
divide by 4. 

273. To Multiply by 125. —Multiply by 100, and add to 
this product | itself. 

Opk ration 8 

Ex. Multiply 2346 by 25. 780 by 25. 800 ^^^^ ' 
by 25. 5432 by 25, 5437, 1000. -^^ 

Ex. Multiply 5082 by 125 ; also 8702, 540, 508200 
100, 64827, 34000. -^|5 

274. To Multiply by a Number represented by two Digits^ 
one of which is 1. — Multiply by the digit which is not 1, 
and write the product under the multiplicand ; removing this 
product one place to the left if this digit is lO's, and one to 
the right if it is units,, adding these numbers. 

Ex. Multiply 78579 by 81. By 61, 91, 71, 78579 

91 ^^ 11 zii ^^^^^ 

^1, oi, 11, *i. 6364899 

Ex. Multiply 78579 by 18. By 13, 15, 17, 78579 

Ift 1^ 1^ ^ ' ' ' 628632 

16, 14, 15. ^j^^^ 
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275. To Multiply by a Number represented by 9*8. — 
Multiply by 1 with as many O's at the right as there are 9's, 
and then subtract the multiplicand. If the right-hand figure 
of the multiplier is 8, subtract twice the multiplicand ; if 7, 
three times ; if 5, Jive times, etc. 

Ex. Multiply 857639 by 999., Also 786042 by 857639000 

9999 ; 3760048 by 99 ; 2856437 by 9999 ; 987654 ^^^^ 
by 999 ; 9999 by 9999. 

Ex. Multiply 857639 by 998. Also 64738 by 857639000 

998 ; 64820 by 9998 ; 43725 by 98. 1715278 

Ex. Multiply 8764987 by 997. By 99. By 855923722 
95. By 98. By 995. 

276. To Square^ any Number ending in ^. — Multiply 
the integral part by 1 more than itself, and to the product 
add (annex) ^. 

Ex. Square 34J. 46J. 87J. 93J. \^. 34 

Ex. Square 17^^. 128 J. 478^. 647^. 273 J. -j^ 
Ex. Square (mentall}'^) 5J. 4J^. IJ^. 2^. 3J. 102 



7^. 8J. ^. lOJ. 1190i 

The reason for this rule will appear if we consider, that, when 
we multiply (in the ordinary way) by the ^ in the 
multiplier, we get \ of the integer in the multiplicand + ^. g? 

Then, when we multiply the \ in the multiplicand by the "TJJ 

integer in the multiplier, we get \ the integer. Hence the 1 4 

entire effect of the J in each factor is to give a product -—t 
larger than the integer by once the integer and \ more. * 



CONTRACTIONS IN DIVISION. 

[The reasons for the following are so simple, that it is not deemed 
necessary to state them. We give the rules, and a few examples for 
practice.] 

' To square a number is to multiply it by itself. Thus the square of 32 is 82 x 
82=:102i. 
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277. To divide by 25. —Multiply by 4, and divide by 100 ; 
i.e., remove the decimal point 2 places to the left. 

278. To divide by 15, 35, 45, 55, or 65.— Double the 
dividend, and divide by 30, 70, 90, 110, or 120. 

279. To divide by 125. — Multiply by 4, and divide by 
1000. 

280. To divide by 3^. — Multiply by 3, and divide by 10. 

281. To divide by 12J or 16f. — Multiply by 8 or by 6, 
and divide by 100. 

Ex. 1. — Divide 7856 by 25. By 15, 35, 45, 55, 65, 125, 
3^, 12^, 16*. 

2. Divide 8463, 963, 78427, 80056, and 700q, by each of 
the above numbers. 



Aliquot ]Part8m 

282. An Aliquot Part of a number is any number (inte- 
gral or mixed) which will exactly divide it. 

[The above methods are really methods by " Aliquot Parts ;" but 
it is not customary to speak of them as such.] 

283. The Aliquot Parts of $1 are, — 



50^= i. 
25^ = i. 

. 200 = i. 

io^ = xV. 



33i^= i. 
12i^= 4. 



Menial J^xercises. 
1. What cost 27 yd. of cloth at 250 per 3'ard? 
Practical Operation. 1 J of 27 is 6 J. .•. $6.75. 

» Solution. — At $1 per yard, 27 yd. would cost $27 : hence, at %\ per yard, 27 
yards cost \ of $27, or $6| = $6.75. (Sec uotc at the beginning of the section.) 
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2. What cost 42 yd. of calico at 12J^ per yard? At IGg? 
At6i? At33J? 25? 20? 10? 50? 

Operation. — For the first 42 -^ 8 = 5J. . •. The cost is $5.25. 

3. What cost 35 lb. of butter at 33J^ per pound? At 
25^? At 50^? At 200? 16§? 10? 12^? 

4. Wliat cost 15 lb. of tea at $1.33 J per ix)und? At 
$1.10? At $1.50? At $1.25? At $1.12^? At $1.20? 

Operation. — For the first, 15 + 5 = 20. . *. The tea cost $20. 

5. At 12^^ per pound, how much sugar can bought for 
? For $3? For $1.25? 

Operation. 8 + 2 = 10. . *. 10 lb. can be bought for $1.25. 

6. At 33^^ per pound, how much coffee can be bought for 

? For $2 ? For $5 ? 

* 

-Operation. 2X3 = 6. . *. 6 lb. can be bought for $2. 

7. What cost 15 yd. of cloth at $3.20 per yard? At 
$2.10? At $4.33^? 

8. What cost 25 3'd. of cloth at $4.25 per yard? At 
$3.40? At $11.25? 

Operation. — For the first, 425 -^ 4 = 106.25. 

Explanation. 100 yd. would cost $425, and 25 yd. would cost ^ 
as much. 

9. What cost 3^ lb. of butter at 32^ per pound? *At 36^? 
At 45^? At 21^? 

At 21<^ 10 lb. cost $2.10, and 3J cost $2.10 — 3 = 70^. 

10. What cost 12^ 3'd. of cloth at 40^ per 3'ard? At 
$1.12? At 16^? At $2.20? 

11. What cost 48 gal. of molasses at 6^^^ per gallon? 

Operation. 48 — 16 = 32. . •. $32. Why ? 



ALIQUOT PARTS. 211 

12. What cost 120 bu. of potatoes at 37^^ per bushel? 

13. What cost 256 bu. of onions at 87^^ per bushel? 
^ $256 — J of $256, or $256 — $32 = $224. Why ? 

14. What cost 75 cords of wood at $5.50 per cord. 



284. The Aliquot Parts of a Year are, — 

6 mo. = i; 4 mo. = J ; 3 mo. = | ; 2 mo. = i ; 1 mo= j^^. 
Also, when 30 da. are called a month, 1 mo. 6 da. = ^ ; 
1 mo. 10 da. = J ; 1 mo. 15 da. = ^ ; 2 mo. 12 da. = J. 

285. The Aliquot Parts of a Month (30 da.) are,— 
15da. = J; 10da. = J; 6da. = ^; 5da. = J; 3da.= i^. 

Menial Exercises. 

Ex. 1. A man's wages are $450 per year. What are 
they for 6 mo. ? 4 mo. ? 3 mo. ? 2 mo. ? 1 mo. ? 1 mo. 

6 da. ? 1 mo. 10 da. ? 1 mo. 15 da. ? 2 mo. 12 da. ? 

2. The interest on a note is $84 per jear. What is it for 
each of the times in Ex. 1 ? 

3. The interest on a note is $45 per jxar. What is it per 
month ? What for 15 da. ? 10 da. ? 6 da. ? 5 da. ? 

yVrillen Exercises. 

4. At $360 per year, what is the rent of a house for 2 jr. 

7 mo. 25 da? 

Operation. 

The work in the margin is all that should be written. *7?9 

The pupil thinks thus: "For 2 yr. the rent is $720; for 6 30 

mo., $180; for 1 mo., $30 (i.e., \ of $180) ; for 15 da., $15; 15 

for 10 da., $10." _12 

$955 

5. At $450 per 3'ear, what is the rent of Operation por Last. 

a house for 2 yr. 8 mo. 25 da. ? For 1 3T. ^^^ 

5 mo. 11 da. ? For 3 yr. 2 mo. 13 da. ? 12.50 

^ 3.75 

What part of the interest for 2 mo. is the $1441.25 
interest for 10 da.? What for 3 da.? 
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6. At $480 per year, what is the rent of a house for 8 mo. 
13 da. ? 

7. If John's salary is $560 per j^ear, how much does he 
receive for 5 mo. 15 da. ? For 1 yr. 10 mo. 18 da. ? For 
2 yr. 6 mo. 10 da. ? For 9 mo. 14 da. ? 

Solutions of the Last. 



By Aliquot Pabts. 

$280 
$4Q.6m $140 

15.555 
3.111 
3.111 

$441.TZ7 

14 da. = J mo. + i of J mo. 



By Cancellation. 
140 3 

$mx 9 



n 

14 
$661? X 14 



n X30 

3 



196 
9 



$420.00 



$21.78 
$441.78 



By Decimals. 
30|14 

9.4f 

$46,666+ 
9.4f 

15555 
15555 

186666 
419999 

$44L78 

Observe in the method by decimals, that, in multiplying a 
repetend, we write the first figure of each partial product as 
it would be if the repetend were indefinitely extended. 

286. What number of ounces are aliquot parts of an 
avoirdupois pound ? 

What number of pecks are aliquot parts of a bushel? 

8. What cost 6 lb. 12 oz. of butter at 28^ per pound? 
What 5 lb. 14 oz. at 30^? 4 lb. 10 oz. at 24^? 7 lb. 13 oz. 
at 40^ ? Same at 32^ per pound ? 

$2.80 + .20 + .10 + .02i = $3.12i. 

9. At 14^ per pound, what is the cost of a dressed tui'key 
weighing 12 lb. 14 oz.? What one weighing 8 lb. 11 oz. ? 
Same at 16^ per pound? 

10. What cost 5 bu. 3 pkr. 2 qt. of grain at $1.20 per 
bushel? What 2 bu. 2 pk. 3 qt. ? 

$6.00+.60 + .30 + .07i = $6.97i. Why? 

11. What cost 15 3'd. of cloth at $3.20 per 3'ard? At 
$2.10? At$4.33J? $3.12J? $1.66^? 
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Solve the following by cancellation (see 2d solution, 
Ex. 7) : — 

12. $56 per year is how much for 8 mo. 24 da.? 10 mo. 
18 da. ? 9 mo. 20 da. ? 25 da. ? 

13. $320 per 3'ear is how much for 2 3T. 8 mo. 18 da.? 
1 3T. 10 mo. 21 da. ? 5 3T. 9 mo. 15 da. ? 

14. $20 per 3'ear is how much for 5 mo. 13 da. ? 

15. $150 per 3ear is how much for 2 3T. 11 mo. 13 da. ? 

Solution of 14th. Solution of 15th. 

4 $ z|0X 13 ^65^ 

. mx 5 _ _ 12X3^ 12 * ^^ 

— — =6J =$6.67 25 

3 ;^PX 11^275^ 

;z^xi3 4.333+ ^_ n ^ ^^ 

J^3^ = ~e— -^ 2 300 

6 3 ^'-^^ $442.92 

16. At $160 per year, what is the interest for 2 3T. 7 mo. 
17 da.? 

$Axl7^68^ $7|,forr7da. 

3 

40 

WX7 280 .-^, » . _ 
^^ = — = $93J, I, for 7 mo. 

3 

$160 X 2 = $320, for2yr. 

$421.11, for 2 yr. 7 mo. 17 da. 

17. Solve as above the following : — 
$80 per 3'ear for 3 3T. 11 mo. 18 da. 
$70 per 3'ear for 2 3T. 10 mo. 16 da. 
$130 per 3'ear for 1 3T. 8 mo. 21 da. 
$84 per 3'ear for 5 yr. 9 mo. 20 da. 

$20 per year for 11 mo. 15 da. For 7 mo. 21 da. 
$200 3'er year for 1 3T. 4 mo. 23 da. 
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SECTION VIII. 

THE METRIC 1 OR DECIMAL SYSTEM OF 
WEIGHTS AND MEASURES. 




Diameter, 2 Centims. lis'^ Jfu *Sil Weight, 5 Grams. 



287. The metric sj'stem can be readil}' learned, if the stu- 
dent will first fix in mind a definite conception of 

Tlie Units. 

The Meter {mee'-ter) is the unit of Lengthy and is the 
basis from which all the rest are deduced. 

A Meter = 39.37 inches. 

The Liter (leef-ter) is the unit of Measures of Capacity, 



A Liter 



{': 



1.0567 liquid quarts, or 
908 dry quarts. 



The Gram is the unit of weight. 

A Gram = 15.432 grains, 

1 This system takes its name meiriq from the meter^ the unit of linear measure 
established by the French Government, and made the basis of all the others. — See 
Appendix. * 
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Svbdivisiotis and Multiples of tlie Units. 

288. These units are divided and subdivided into lOths, 
lOOths, and lOOOths, and multiplied by 10, 100, 1000, and 
10,000, to make the other denominations. Hence the system 
is a Decimal System. 

The names of the denominations lower than the unit are 
formed by prefixing the Latin syllables Deci (x^), Centi 
(yio), and MiUi du^ja)? to the name of the unit. 

The names of the denominations higher than the unit are 
formed in like manner by prefixing the Greek sjllables Deka 
(dek'a) (10), Hekto (100), Kilo (1000), Myria (10,000), 
to the name of the unit. 

289. coMPiiETx: table of the metric system. 



Relative 
Valubs. 


Lbnqtu. 


W BIGHT. 


Capacity. 


Surface. 


Solidity. 


10,000 


MyriaimM"* 


• • 


• . 


• • 


• • 


1,000 


Kilom (K«») 


Kilog ^Kg) 


Kilol (M) 


• • 


• • 


100 


Hektom (S") 


Hektog iH«> 


Hektol («) 


Hektar (H») 


• • 


10 


Dekam (d») 


Dekag (i>b) 


Dekal (W) 


• • 


Decaster (»») 


VnU, 


Meter (") 


Gram (k) 


Liter (») 


Ar (•) > 


8ter (•) » 


.1 


Decim (dm) 


Decig (dg) 


Decil (dl) 


• • 


Decieter (ds) 


.01 


Centim (cm) 


Centig (eg) 


Centil (cl) 


Centar (ca) 


• • 


.001 


liillim (mm) 


Millig (mg) 


Mlllil (ml) 


. . 


• • 



This table contains all the denominations in use, with the spelling 
and abbreviations approved by the Metiic Bureau, Boston, and the 
American Metrological Society, New York. The abbreviated names 
will be seen to consist of the prefixes with the first letter of the prin- 
cipal word, or name of the unit. Thus we have decim for decimeter, 
kilog for kilogram, ceniil for centiliter, etc. The accent is always on 
the first syllable: c is soft («), e in the prefixes short, and o long (6). 
Thus decim is d6cTm; centig is sSntTg; kiloly kllol, etc. Ar is like are. 

1 1 ar = 1 Bquarc dekam ; 1 ster = 1 cu. meter. 
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290. The abbreviations of the names of the units and the 
multiples are written as superiors. The abbreviations of the 
multiples are written with capitals. The submultiples are 
written without capitals, and in line with the figures. Thus 
5 meters, written 5™ ; 3 liters, 3* ; 7 hektols, 7"*^ ; 8 dekags, 
8°^. So 4 decims is written 4 dm ; 6 centigs, 6 cm ; 9 
millims, 9 ml, etc. The tendency now is to write all the 
abbreviations without the period. 



LEGALIZED EQUIVALENTS. 

291. For purposes of reduction to and from our common 
measures, the pupil should fix in mind the following equiva- 
lents as legalized by the United-States Government : — 



1» = 39.37 in. 

1* =1.06 liquid qt. 

or .908 dry qt. 
1« = 15.432 gr., or .035 oz. Av. 



lK« = 2.2 1b. Av. 
1* =3.95 sq. rd. 
!• =35.52 cu. ft. 



MEASURES OF LENGTH. 

292« The instruments used in place of our common 2 ft. ruler 
or carpenter's square, and the yard-stick or measure, are the Meter, a 
ruler 39.37 in. long, and divided into lOths (decims) and lOOths (cen- 
tims) ; and a Double-decim ruler, 2 dm in length, graduated into cen- 
tims, and these again divided into tenths, making millims. The meter 
is folded into 4 parts, or 10 parts, for a pocket-measure ; and the 2 dm 
ruler into 2 parts. 

Such lengths as we usually indicate by yards, feet, and inches, are 
indicated by meters and centims.^ Such as we indicate by miles are 
indicated by kiloms (kilometers). Very small dimensions, as those 
used in microscopy, are indicated in millims. 

1. To which of our common measures is a meter nearest 
equal? How many meters in a rod? What is the length of 

1 There seems to be a well-defined tendency to use the decim as a common unit 
for emaUer measures. The use of the donbU-decim mler, and the near oommensura- 
bllity of the decim with one foot, wlU fac\Vi\a.l« Ibis. 
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a 12 ft. board expressed in meters? Express the dimensions 
of a room 20 ft. by 24 ft. in meters. 

. 2. What is the stature of a 6 ft. man expressed in the 
metric system? What of one 1.8" expressed in feet and 
inches ? 

Is a man's stature any more likely to be conveniently expressed in 
feet and inches than in meters and decimals ? Is a man any more 
likely to be just 6 ft. in height than l.S" ? 

3. How does the ten-folded pocket-meter compare in 
length (when folded) with the common four-folded 2 ft. 
pocket-ruler? How does the four-folded meter compare 
with the two-folded 2 ft. pocket-ruler? 

4. When the metric sj'stem comes into common use, what 
lengths of boards will probably take the place of our 12 ft. ? 
14 ft.? 16 ft. ? What tliicknesses will probably take the 
place of our 1 in., 2 in., and 3 in. stuffs, respective]}- ? 
What dimensions of scantling our 2 in. by 3 in.? Our 
3X4? Our 2X8 joist? Our 2X12? 

As an inch is very nearly J of a decim, we shall probably speak of 
** quarter-decim " stuff, or simply "quarter-stuff," instead of "inch- 
stuff," "half-decim" stuff, or "half-stuff," for "2 in. stuff," etc. 
Of course, positive answers cannot be given to such questions as the 
above. Nevertheless, the student will get a better appreciation of the 
relation of the metric to the common system by exercising his judg- 
ment on such questions than by any mere reductions. 

5. With what in our common measure wiH a 2 dm b}'* 
3dm timber most nearl}' correspond? What a 3dm by 
4 dm ? What a 3 dm square ? 

6. What will 12 in. by 16 in. glass be in the metric 83's- 
tem? — that is, what size will be likel}' to replace this? 
What 18 in. by 24 in. ? 

7. What is the distance from Albany to New York, ex- 
pressed metrically, it being 145 miles? What the distance 
from Detroit to Chicago via the M. C. R.R. (288 mi.) ? 
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8. What simple fraction of a mile is a kilom (approxi- 
matel}') ? 

9. A railroad-train, running 40^™ per hour, runs how many 
miles ? 

10. How will the rate 1 mile in 2 min. 4 sec. be expressed 
metrically ? One mile in 5 min. ? 

11. Which is the faster rate, 1^" in 2 min. 20 sec, or 1 
mi. in 2 min. 40 sec. ? 

12. What part of an inch is a millim? What is the ap- 
proximate value in hundredths of an inch ? 

13. Glass is ruled for microscopic measurements in parallel 
lines from T^^y to xxriirTF ^"^ apart. What are these dis- 
tances in inches ? 

14. Animal cells vary in diameter from 4^5 mm to g\j mm, 
and vegetable from ^ mm to ^^ mm. Express these facts 
in inches, calling a millim .04 of an inch. 



MEASURES OF WEIGHT.^ 

293t For the ordinaiy purposes of the grocery and market, the 
kilog (called kilo in Europe) is used. For jewellers' and apothecaries' 
purposes, and for the chemical laboratory, the gram and millig are 
the units used. 

The standard government weights at Washington are of brass and 
platinum. The brass weights are a five-kilog, double-kilog, kilog, 
demi-kilog, double-hektog, hektog, denii-hektdg, double-dekag, dekag, 
demi-dekag, double-gram, and gram. The platinum are a demi-gram, 
double-decig, decig, demi-decig, double-centig,^ centig, demi-centig, 
double-millig, and millig. 

1. When steak is 14^ per lb., what is it per Kg? Sugar 
at 30^ per Kg is what per lb. ? At 25^ per Kg? 

2. What is the weight of a bushel of wheat in Kgs? Of 
oats? Of corn? Of a barrel of flour? 

1 The measures of length and weight are the two of the metric system of the 
moat practical importance in our country at present : hence this arrangement, and 
tbe fuller attention given them. 
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3. One lb. av. equals how many kilogs? One kilog is 
how many pounds ? 

4. How many grams in an ounce of gold? In a penn}'- 
weight? How many milligs make a grain troy or apothe^ 
caries' ? 

5. The United-States post-office allows 15*^ as the weight 
of a single letter, or ^ oz. troy. Which is the greater? 

6. What would be the practical equivalent for the apothe- 
caries* grain, scruple, and dram, in metric weights? 

7. How man}' grams in an ounce avoirdupois? What 
would be the practical equivalent in grams for ^ lb. avoirdu- 
pois? 

8. One-eightli of a grain is the common dose of morphine. 
What would be the prescription in the metric system ? 

9. Quinine is frequentl}* given in 4 or 5 grain doses. 
Wiiat would be the prescription in the metnc system ? 

10. In weighing a quantity of sugar, I find it is balanced 
b}' a double-kilog, a demi-hektog, and a dekag weights. 
What is the weight in kilogs ? 

N.B. — It is one purpose of a number of the preceding exercises 
to suggest, that, when the metric system comes into use, most of our 
common specifications of quantities for practical purposes will under- 
go slight changes to conform to the units of the new system, so as not 
to involve troublesome fractions. Thus, instead of a rod^ we shall 
speak of 5 meters ; and, instead of laying out village-lots 4 rods by 8, 
we shall lay them out 20" by 40. Instead of 12 by 16 in. glass, we 
shall have 3 by 4 dm glass. Instead of prescribing 3 ij^ the physician 
will write 8*, etc. 

11. Instead of 1 3, what amount will probablj' be substi- 
tuted in the metric sj'stem ? 

294. The TonneaUf or ton, of the metric system, is 2,204.6 lbs., 
and is, consequently, so nearly equivalent to our long ton (2,240 lbs.) 
as to take its place without difficulty. The name Ton will doubtless 
be used instead of the French tonneau. 
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12. Coal at $9 per common ton (2,000 lbs.) would be how 
much per metric ton? Hay at $12 per common ton would 
be how much per metric ton ? 



MEASURES OF CAPACITY. 

295. For such quantities of liquids or dry substances as we 
usually designate by the pint, quart, or gallon, the liter is used, as 
7.5' , 15' , i' , etc. ; but for larger quantities the hektol is used, as 8.2 
hi, 10.5 hi, etc. 

The United-States Government standards at Washington are a 
double-liter, liter, demi-liter, double-decil, decil, demi-decil, double- 
centil, and centil. 

The double-liter, liter, and demi-liter are respectively so nearly 
equivalent to our i gal., quart, and pint measures for liquids, as to 
take their places without embarrassment. 

A double-dekal and a dekal would take the place of our i bu. and 
peck measures for grain very readily. 

1 . To what common measure is a liter nearly equal ? How 
many liters in a gallon? In a barrel of 31^ gallons? How 
manj^ does a common pail (2^ gal.) hold? 

2. How manj^ liters in a peck? In a half-bushel? 

8. If a bushel of wheat is to weigh 60 lb., what should be 
the weight of a hektol ? 

4. Wheat at $3.50 per HI is what per bu. ? 

5. Molasses at $1.25 per gal. is how much per Dl? 

396* One of the principal advantages which the metric system 
offers for scientific purposes is the facility which it affords for passing 
from measui-es of capacity to those of weight, and vice versa. Thus 
a liter is a cubic decim, and a gram is a cubic centim of pure water at 
the temperature of melting ice. Hence, knowing the specific gravity 
of any substance (i.e., its weight as compared with water), we can 
readily pass from weight to volume, and vice versa. 

6. What is the weight of a liter of distilled water at the 
temperature of melting ice? 
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7. The specific gravity of linseed-oil is .94. How much 
would a cask of 2™ weigh? 

8. I find that a liter of alcohol weighs 8^'. What is its 
specific gravity ? 

The weight of a liter of any liquid expressed in kilogs is its specific 
gravity, or the weight of a millii expressed in grams, etc. 

9. The specific gravity of milk is 1.032. What does 1^^ 
weigh ? 

10. A pail containing 1^* of cider is filled, and the cider 
found to weigh 10.18*^*^, What is the specific gravity of 
cider? 

11. One millii of sulphuric acid is found to weigh 1.842*. 
What is its specific gravity? 



MEASURES OF AREA. 

297. For measuring Boards and small areas the square 
meter, decim, etc., are used; but for Land the Ar^ which 
is a square dekam, and even the Hektar, which is 100 ars, is 
used. 1^* = 2.471 acres, and the Ar is about 4V of an acre. 
Since 1 mile is but a little over 16^™, a section of land is 
about 256°*. It is common, in survejing, to speak of 16°" 
as a mile. 

1. How many hektars in a section of land? 

2. Land at $250 a hektar is how much per acre? 

3. How many square feet in a square meter? 

4. Land at 8^*^ a hektar is how many dollars an acre? 

5. How many hektars in a rectangular piece of ground 
1000" by 400? 

6. How many square meters in 6 boards 4" in length 
and 5 dm in width ? 
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MEASURES OF VOLUME. 

298* The Ster, which is a cubic meter, is the proposed unit of 
volume; but it has falleu into general disuse. — President Baknard, 
in Johnson^ 8 Cyclopoedia. 

The chief interest, therefore, which attaches to the metric meas- 
urement of volume at present, is as a means of defining the measures 
of weight and capacity. See (296) and also Appendix. 

1 . How many hektols of water does a cylindrical cistern 
contain which is 2 meters in diameter and 2.5 meters deep? 

2. In 200 sters how many cords? 

3. 500 cu. yd. are how many sters? 

4. How many cubic meters (sters) of earth are removed 
in digging a ditch 2™ wide, 1.5 deep, and 4*^"* long? 



299. Examples in the Use of tFie Metric Measures. 

[By permission, the following (46) examples are taken from an 
excellent little manual by Supt. Henry E. Sawyer of the schools of 
Middletown, Conn., now Associate Principal of the Connecticut State 
Normal School at New Britain. This manual will be found specially 
helpful in showing how to teach the Metric System so as to make it 
interesting and practically useful.] 

1. Add 23 cm, 47 cm, 9 cm, 38 cm, 74 cm. 

2. Add 237™, 53 cm, 17™3, 24"07. 

3. Add 239™47, 98 cm, 19™, 70™07. 

4. From 97 cm take 39 cm. 

5. From 7™35 take 4™86. From 9™08 take 57 cm. 

6. The lengths of the principal buildings at the Centen- 
nial Exposition were as follows : Main Building, 573"™024 ; 
Machinery Hall, 42 6™ 72 ; Horticultural Hall, 116"738; Art 
Gallery, 111™25; Women's Pavilion, 58™52 ; Agricultural 
Building, 249"'936. How far would tfeey have extended if 

*ed in a row, end to end ? 
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7. How much longer was the Main Building than Machine- 
ry Hall? The Agricultural Building than the Art Gallery? 

8. Multiply 24 cm by 3. 87 mm by 9. 

9. 29"^43 X 7 = ? 216"'329 X 8 = ? 

10. Divide 78 cm by 13. 168«» by 8. 

11. 16™8 -T- 8 = ? 436^324 -f- 4 = ? 

12. 9864^'" -T- 8 = ? 96^°* -f- 7 = ? 

13. If Mar}' lives 753™ from the schoolhouse, how far 
must she travel, in coming to school and going home, in one 
week? 

14. How far must a man walk in a day to travel 237^'"6 
in 6 daj's? 

15. From Quebec to the mouth of the Saguenay River is 
about 216*^™18. At what rate must a steamer run to make 
the trip in 9 hours ? 

16. In what time will a train run from Boston to Albany 
at the rate of 34^™3 per hour, the distance being about 
325'^"85 ? 

1 7. How many revolutions will an engine-wheel 4'"5 in cir- 
cumference make in running 416^^7765? 

18. Read the foUowing : 6^3; 19^^15; 3'^^7 ; 93^*47. 

19. In 27^ how many cl? Dl? 

20. In 3954 cl how many Dl ? HI ? 1 ? dl ? 

21. In 697HU10W manyl? cl? dl? 

22. At 3 cents a cl, what is the price per 1? 

23. At 25 cents per 1, what cost 2 cl? 

24. If a Dl of oil is worth $1.63, what is it per 1? 

25. When com is worth $2.24 per HI, what is it per 1? 

26. At $1.35 per Dl, what is a liter of molasses worth? 

27. If a chicken eats 2 dl of corn in a da}-, what will it 
cost to keep 173 chickens a week when corn is wortli $2.15 
per HI? 

28. Read 3187; 23^*^; 17'^396; 37«; 3^«7. 

29. Reduce 27*^3 to kg ; to g. 



\ 
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30. Into a basket weighing 4*^*^3 were put the following 
articles : 2^ of coffee, i^^ of tea, 3^«5 of sugar, 100« of 
pepper, 50* of nutmegs, 500*^ of turnip-seed, and 1^*5 of rice. 
What was the weight of the basket and its contents ? 

31. A car weighing 7^832 contains 136 barrels of flour, 
each weighing 96^*16. Find the weight of the car and its 
contents. What is the difference in weight? 

32. At $1.15 per Kg, what cost 7'^3? 

33. What cost a Kg of sugar at $265 per T? 

34. What cost 29^«5 at 16^ per g? 

35. What is the weight of 27* of water? 

36. What is the weight of 36 cl of water? 

37. 3*5 of water weighs how many g? 

38. 1*93 of water weighs how many g? 

39. What is the weight of 173* of water? 

40. A man carting water from a river has two casks, one 
holding 136*, and the other 125*. When both casks are full, 
what weight of water has he on his cart ? 

41. If milk is 1.03 times as heavy as water, how much 
should 8 liters of milk weigh? 

42. If 3'ou bu3^ 42 liters of milk, and find that it weighs 
only 42^*75, is it pure? 

43. Wishing to find the capacity of a bottle, and having 
no measures at hand, I weighed it. Empt}', it weighed 
520«; and filled with water, 1*^29. How much did it 
hold? 

44. What is the capacity of a couical glass which weighs 
when empt}" 540«, and when filled with water 2^8^225 ? 

45. A test-tube weighing 19* was filled with water, when 
the tube and water together were found to weigh 64«5. 
How much water was in the tube ? 

46. The same tube, filled with sulphuric acid, weighed 
103*5. The acid was how many times as heavy as water? 




CHAPTER V. 



SECTION I. 



PERCENTAGE. 



Definitiofis and First Principles. 

1. During a severe winter a fanner lost 5 sheep out of 
every 100 of his flock. What part of his flock did he lose? 

2. John's father agreed to give him $8 for every $100 he 
would earn for himself. To what part of his earnings was 
his father's gift equal? 

300. Per Gent means By the Hundred. 

To say that a man lost 5 per cent of his sheep is to say that he lost 
6 out of every hundred of them, or .05 of them. Again : to say that 
a father gives his son a sum equal to 8 per cent of the son's earnings 
is to say that he gives the son $8 for every $100 he earns, or a sum 
equal to .08 of his earnings. 

3. A nurserj^man lost by drought 6 per cent of his trees. 
What part of his trees did he lose? If he had 2150 trees, 
how man}^ did he lose? i.e., .06 of 2150 = how man}'^? 

4. A man's house was damaged by fire to an extent esti- 
mated at 15 per cent of its value. If the house was worth 
$6530, what was the amount of damage? 
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5. A speculator bought a car-load of wheat for $450, and 
sold it at a profit of 4 per cent. How much did he make by 
the speculation? 

This means that he made .04 of $450, which is $18. 

6. What is 9 per cent of 250 ? 10 per cent of 48 ? 17 per 
cent of 53 ? 1 1 per cent of 1437 ? 

301. Rate^ is the number by which we multiply to obtain 
any required per cent of a given number. 

Thus, to obtain 7 per cent of 250, we multiply 250 by .07. Hence 
.07 is the Rate (not Rate per cent). See footnote. 

303. The result obtained by taking a certain per cent of a num- 
ber is called the Percentage. The term Percentage is also used as a 
general designation for all processes involving this method of reckon- 
ing by the hundred. 

303. The Base is the number upon which the percentage 
is estimated. In the last illustration, 250 is the base. 

7. Mr. Smith, having a flock of 340 sheep, found that in 
1 year they increased at the rate of 50 in a hundred. What 
was the per cent (or rate per cent) of increase? What was 
the rate of increase? How much was the increase? How 
man}' sheep had he after the increase? 

304. The Amount is the sum of the base and per- 
centage. 

In Ex. 7 what is the Base? What the Bate per centf 
What the Bate? What the Percentage? What the Amount? 

8. Having $350, I used it in buying grain, which I sold so 
as to gain 5^%. How much had I then? 

5i% of $350 = $19.25. Hence I had $350 + $19.25, or $369.25. 
What is the Base f The Bate f The Percentage f The Amount f 

^ The use of the terra Rate per cent in this sense is inadmissihle ; bnt we may so 
use Rate : in fact, this is the common meaning of the word rate in mathematics. 
An allowance of 7 on n hundred is not at a rate of .07 per cent, although it is at a 
fvffe of .07: the Rate ptr cent is 7. Per cent is used by ellipsis for Rate per cejit. 
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9. If the base is 784, and the rate per cent 6, what is the 
percentage? What the amount? 

305. The character ^ is used as a substitute for the 
words per cent. 

Thus 4% means " 4 per cent." 

10. Mr. A. used $500 speculating in wheat, and lost 8% 
of it. How much did he lose ? How much had he left ? 

308. The Difference is what remains of the Base after 
the percentage is taken out. 

11. Mr. Smith had an orchard of 320 trees ; and, during a 
severe winter, 5 % of them died. How many died ? How 
many remained? What is the Base? Rate? Percentage? 
Difference ? 

12. What part of a number is 60% of it? 



Yo means 60 on a hundred. Now, 1 on a hundred is ^irr P^^t. 
Hence 60 on 100 is -f^jf, or | pai-t. Hence 60% of any thing is | of it. 

13-29. What part of a number is 10% of it? 20%? 
50%? 12i%? 16f%? 40%? 11%? 15%? 7%? 6%? 
4%? i%? f%? t%? 100%? 200%? 150%? 

i%> or i per cent, is J on a hundred, just as 2% is 2 on a hundred. 
At i% the rate is .005. 

30-40. What ra^e is f%? f%? i%? 1J%? f%? 
i%? t%? t%? li%? 12i%? 85%? 

1% is at the rate .00|, or .006. |% is at the rate .01^, or .015. The 
per cent being ^, the rate is .00}. f % is at the rate .0075. 

41-48. What is the per cent corresponding to each of the 
following rates: .05? .10? 1.12? .03? .007? .005? 
.00^? .J? 

.^ is an absurd expression, and has no meaning. It is not ^ of ^) 
for that is written .0^; nor is it -J of 1, for that is simply i. 
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307. 



Mules of ]Percent€Lge. 



I. Base X BMe = Percentage. 

II. Base -f- Percentage = Amount. 

III. Base — Percentage = Difference. 

IV. ^^'T'"^" = -Ba«e. 

Base. 



Pbihaby Rules. 



VI. 



Amount 
Base 



= l + jBafe. 



VIII. M^!:^=l-i?a«e. 
Base 

TV Difference ^ 
IX. , -^^ .^ — =J5ase. 
1 — Bate 

The I^ree Primary Rules are but direct applications of definitions 
(301), (304), and (306). 

IV. and V. are deduced from I. on the principle that the product 
of two factors divided by either factor gives the other. Thus, — 
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Percentage 



Base X Bate = Percentage. . *. ' 



Rate 

Percentage 

Base 



= Base. 
= Bate. 



VI. and VII. are obtained from II. on the same principle that IV. 
and V. are from I., by observing, that, to obtain the Amount, we mul- 
tiply the Ba^e by the Rate, and then add the Base, whence we obtain 
{l-\- the Rate) times the Ba^se. Thus, — 

' Amount 



Base X (1 + Rate) = Amount. .*. - 



Base 
Amount 



= 1 + Rate. 
==^ Base. 



\ 1 + Rate 

VIII. and IX. are obtained from III. as VI. and VII. are from IL, 
by observing, that, to obtain the Difference, we take the Raie times the 
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Base out of the Base, and hence have (1 — the Rate) times the Base, 

Thus, — 

f Differenc e 

Boise. 
Base X (1 — Rate) ^Difference. .*. s ^ ^ 

Difference 



= 1 — Rate, 



[ l-BaU =^'^''- 



308. Methods of Explanation. 

[There are two principal methods of applying the principles of per- 
centage in practice: one being to observe which of the elements — 
base, rate, percentage, amount, or difference — are given, and which 
required, and then select and apply the proper rule; while the other 
method teaches to examine into the nature of each problem, and, 
discovering the relations existing between the quantities, analyze 
accordingly. We give illustrations of both methods.] 

1. How much is 7% of $350? 

Solution by Rule. — In this case $350 is the base, Opkration . 
and .07 is the rate, and the percentage is required. Hence, $350 

by (807), I., we multiply the base by the rate, and find _ — — 
the percentage to be $24.50. $24.50 

Solution by Analysis. — Since 7% is 7 on every hundred, it 
is .07 of any sum. .07 of $350 is $24.50. 

2. A speculator bought a car-load of wheat for $450, and 
sold it at a profit of 4%. How much did he receive? 

By Rule. — In this case $450 is the base. Operation. 

.04 is the rate, and the amount is required. $450 

Hence we multiply the base by the rate, and -04 

have the percentage by (307), I. Adding the Percentage, $18.00 
percentage to the base, we have the amount by rJase, _45U — 

(307) II. Amount, $468.00 

By Analysis. — Since a profit of 4% is an increase of 4 on a hun- 
dred (i.e., of .04), the speculator gained .04 of $450 by the operation. 
.04 of $450 is $18. Hence he gained $18 on $450, and consequently 
received $460 + $18 = $468. 

3. By investing a certain sum, I made a profit of 12%, and 
thereby gained $100.80. What was the sum invested? 
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By Rule. — Here we have the percentage Opiratioh. 

($100.80) and the rate (.12) given to find the $100.80 
base. Hence, according to (307), IV., we divide j^ =$840. 

the percentage by the rate, and obtain the base, 
$840. 

Analysis. — A gain of 12% is a gain of 12 cents on $1. Hence 
to gain $100.80 will require as many dollars as $0.12 is contained times 
in $100.80, which is $840. 

4. Bought cloth at $3.50 per 3'ard, and sold it at 70^ per 
yard more than I gave. What per cent profit did I make ? 

By Rule. — Here we have the base $3.50, and the Opkratton. 
percentage $0.70 to find the rate. Hence we divide >^q 

the percentage (.70) by the base (3.50), and have the Oo"^'^* 

rate, .20, by (307), Y. The rate being .20, the rate 
per cent is 20. 

Analysis. — If, in spending $3.50, I gain $0.70, in spending $1 
I should gain .70 -r- 3.50, or .20 dollars, and in spending $100 I should 
gain $20. Hence I gain 20 on 100, or 20%. 

5. If I buy land at $50 per acre, and sell it at $60, what 
per cent do I make ? 

By Rule. — In this case the $(K) includes the base ofbbatiow. 
and percentage: heace it is the amount. Having given ^^ 
base and amount, we divide the amount by the base, Ta^^ ^•^' 
and get 1.20, which, by (307), VI., is 1 + rate. ,*. The 
rate is .20, and the rate per cent 20. 

jInalysis. — If I receive $60 for $50 laid out, for $1 I receive 
60 -T- 50, or $1.20. Hence I make W on $1, or IW ; i.e., 20 J&. 

6. By selling a certain piece of land for $560,1 make 12% 
on the cost. What was the cost? 

By Rule. — Given the amount (560) and rate Opbbatiok. 

(.12) to find the base, by (807), VII., we divide the 5^0 

amount by 1 + the rate (i.e., 1.12), and have the base, 5Q2 '^ ^^ 
dOO. 
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Analysis. — As I make 12 % , I make 12^ on $1. Hence, for every 
dollar the land cost me, I get $1.12. But in all I receive $560. Hence 
the land cost me as many dollars as $1.12 is contained times in $560; 
i.e., $500. 

7. I sell a fine horse for $540, and thereby lose 25%. 
What did the horse cost me ? 

By Rule. — Here are given the difference (540) OPBRATioif. 
and the rate (.25). Hence, by (807 ), IX., 540^ ^^o 

.75 

Analysis. — As I lose 25 % , I lose 25^ on each dollar the horse cost 
me, and hence receive 75^ for each $1 cost. But in all I receive $540. 
Therefore the horse cost me as many dollars as 75^ is contained times 
in $540, or $720. 

8. Mr. A. bought a hoase for $7500, and sold it for $6000. 
What per cent was his loss? 

By Rule. — There are given hase ($7500), dif- Operation. 

ference ($6000), to find rate. Hence, hy (807), 60^ 

VIII., etc. Finally as .80 is 1 — rate, that is the 75^~ i = -80 

remainder after subtracting the rate from 1, if we 1 — .80 = .20 
take this remainder from the minuend, 1, we 

shall have the subtrahend, .20, which is the rate. Hence the rate 
per cent was 20. 

Analysis. — He received $6000 for an outlay of $7500. Hence 
for an outlay of $1 he received 6000 -4- 7500, or $0.80. Hence he lost 
20f on $1, or 20%. 



309. Examples for l^ractice. 

Solve the following with or without writing according to 
the simplicity of the problem. 

N.B. ^The rate should always be expressed in the most convenient 
form, not necessarily in the form of a decimal fraction. Thus, to 
find 3a^% of $360, we would not multiply by .33}, but by i; i.e., divide 
by 3. But, to obtain 7% of any number, it is moat coiiv«w\!^ix\.\AT£i^- 
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tiply by .07. Again: to find 25%, we would divide by 4, which is the 
same as multipl3ring by .25, or ^. Always use as few figures as practi- 



cable 

1 
2 
3 
• 4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 



in the '* operation." Use cancellation whenever it will aid. 



5% of 780 = 39. 

12%of475yd.=57yd. 

10% of 860 trees = ? 

35% of 1840=? 
' 33^% of $234.54 = ? 

45% of 18f =? 
*f%of $348=? 

t%of iilb.= ? 

7% of $47=? 

100% of $58=? 

l%of $58=? 
•120% of $150=? 

110% of $60=? 

112J% of $16=? 

150% of $365.20=? 

125% of $7.50=? 

115% of $11.37= ? 

200% of $247=? 

300% of $75.50=? 

J%of $360=? 

50% of $360=? 

l%of $37=? 

100% of $37=? 

7% of $43.20=? 

9% of $162.43=? 



26. Find 6% of $1.75. 

27. Find 6% of $350. 

28. Find 7% of $140. 

29. Find 8% of $1. 

30. Find 9% of $100. 

31. Find§% of $0.75. 

32. Find 1^% of $|. 

33. Find |% of $1540. 

34. Find J% of $2500. 

35. Find 7% of $34.28. 

36. Find 11% of $15.17. 

37. Find 6% of $42.18. 

38. Find 33^% of 465 gal. 
39.* Find 37J% of 816 mi. 

40. Find 35% of $21.75. 

41. Find 48% of 13.42. 
42.* Find 7% of f. |. 

43. 8% of 7. 4^. 5. 

44. 12i% of 16. 3J. 
45.« 66$% of 1 J. 4i. 

46. 7% of i. §. f. 

47. 9% of 4f. 5 J. 7. 

48. 3% of 22. IJ. 5^. 

49. 11% off. Si. 2f. 

50. 111% of^V- ih H- 



7. 
6. 



1 33}% is .33|, or ^ of any thing. 

> 1% of $348 to $3.48, and |% to | of $3.48. 

s 120% is l.aO, or 1^ times any thing. .% $150 + $30 = $180. 

« 87^% is { of any thing. .-. { of 816 = 8 X 102 = 306. 

•7%ofjto^of| = ^. 

•d6f%oflitefof| = l. 
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310. What per cent of — 

51. $60 is $20? 

52. 55 is 11? 

53. 148is24§? 

54. 47^ is 7J? 

55. 40 is 15? 

56. iisi? 

57. iiai? 

58. Jisf? 

59. 37 yd. is 37 yd. ? 

60. 37 yd. is .37 yd. ? 



What per cent is — 

61. $180 of $360? 

62. $1.80 of $360? 

63. iof i? 

64. iof ^? 

65. $547.80 of $365.20? 

66. $66 of $60? 

67. $226.50 of $75.50? 

68. 8^ of 5^? 

69. 4^ of 12^^? 

70. l^of $1? $lof 1^? 



Such questions are equivalent to asking what part one number is 
of another (158), with the added condition that the answer shall be 
given in hundredths. Thus 15 is ^, or f of 40, and } = 87^ hun- 
dredths. 



311. Of what number is — 
71.^385 12^%? 

72. 245 10%? 

73. 125 15%? 

74. 7.15 33^%? 

75. $53.25 10% ? 

76. 27.5 bu. 8%? 

77. 168 men 8% ? 

78. 231 oxen 7% ? 
79.* f 53^% ? 

80. 15 37i% ? 



Of what number is — 

81. 146 1b. 8%? 

82. 240 men 12^^%? 
83.« 5 J li% ? 

84.*7H%? 

85. il50%? 

86. $37 1%? 

87. $37 100% ? 

88. $37 300%? 

89. $78.18 33i? 

90. 5 8%? 



1 Avoid mechanical processes. 12^% is -|^. If 885 is ^, 8-eigfatbs is 8 Umes 385. 



• Roi/if i ^ 160 8 2 8 



_2 15__3 
"5^8 ""4* 



. ^ 64 1600 3200 

•OpEBATIOH. ^=:_ = _ = 

100 



356j. 



4ll 

JL 

100 



3100 
3 



= 1033}. 
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312. 


What sum amounts to 






91.^ 


' $360 at 20% ? 


101. 


$540 at 8% ? 


92.^ 


'$210 at 75%? 


102. 


$234 at 6%? 


93. 


$61.53 at 5% ? 


103. 


$1000 at 9% ? 


94. 


$36.54 at 1J%? 


104. 


4J at 2f % ? 


95. 


$40.23J at 4i% ? 


105. 


$100 at 100% ? 


96. 


$129,368 at 3% ? 


106. 


$100 at 1%? 


97.^ 


'$3519.15 at 1.12^%? 


107. 


$56.85 at 10% ? 


98. 


$82 at 2.5%? 


108. 


$145 at 4% ? 


99. 


$408.20Jat7%? 


109. 


f atl2i%? 


100.^ 


^|at§%? 


110. 


$4at 112J%? 


313. 


What sum gives a difference of — 


111. 


$483.60 at 7% ? 


121. 


273 at 25%? 


112.' 


'$24.50 at 12^%? 


122. 


520 at 20%? 


113. 


$300 at 6^.% ? 


123. 


' 320 at 33*% ? 


114. 


730 yd. at4%? 


124. 


$138 at 7% ? 


115. 


584ib. at8%? 


125. 


$24.50 at 8%? 


116. 


347 ft. at 10%? 


126. 


$160 at 12%? 


117. 


46 at 3i% ? 


127. 


$300 at 3% ? 


118. 


112at2f%? 


128. 


iatj%? 


119.* 


'iat37i%? 


129. 


4| at 3J% ? 


120. 


54at63|%? 


130. 


at 100% ? 



314. General Suggestion. — In solving problems in per- 
centage, a good general method is to indicate aU operations 
before performing any^ and then put the work in the best form 
for cancellation. 



1 Keep the work down to a minimum. 300 x { = aOO. 
« 210 X i = 120. 



s 861915 
1-01125 



= 3480. 



4 6 _ go _ — __ 



&0| 



90 
151' 



1.00} 100} 
»l-.12i = l--J = 7. ...ai;«Jl = ll« = 28. 



'f-^l=|Xf=:lf 



4 



MO — 



= 160 X 3 = 490. 
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SECTION II. 

APPLICATIONS OF SIMPLE' PERCENTAGE. 

315. Business calculations based on percentage are of 
two classes: (1) those which do not involve the element 
of time in the computations, and (2) those which do. 

Of the 1st class are the simpler problems of Profit and Loss^ 
Commission, Brokerage^ Bankruptcy , Stocks, Insurance, Taxes, and 
Duties, Of the 2d class are Interest, Discount, Annuities, including 
many problems in Insurance, Exchange, and Equation qf Payments 
and Accounts, 

Problems of the 1st class are solved directly by the principles^ or 
by the formulas (8Q7). 



JProfit and Loss* 

316, Profit, or Gtain, is the excess of what is received 
for an article over its total cost. Loss is the excess of the 
total cost of an article over what is received for it. 

1. Bought a flock of sheep numbering 350. In one season 
it increased 24 ^ . How many had I then ? Had it decreased 
24%, how many should I have had? 

2. Bought 12 crocks of butter, weighing 35 lb. each net,* 
for 19^ per lb., and sold it at a profit of 2%. What did I 
receive for the whole ? How much did I gain f 

3. My house, which is valued at $5500, was damaged by 
fire 15%. What was the total damage? 

4. Invested $3560 in town-lots in a new \illage in Kansas. 
In the course of a year they increased in value 62^%. 
What were they worth then ? 

1 By " Simple '* Percentage is meant Percentage wbiob does not involve the 
element of time. 

* This means exclusive of the crocks which contain the butlftt. 
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5. Bought 20 horses at an average price of $225 each. I 
lost 25% of them, and sold the remainder at an advance of 
30% on the cost price. Did I gain, or lose, by the transac- 
tion? How much? 

6. What must be the selling price of cloth which cost $4 
per yard, in order to realize a profit of 10%? Of 12J% ? 
Of 25%? Of 30%? Of 15%? Of 20%? 

7. At what must calico, which cost 6^ per yard, be sold, 
in order to realize a profit of 8% ? Of |% ? Of 1 % ? Of 
2i%? Ofi%? Ofli%? Of5%? Of 41%? 

8. Bought a piece of -cloth containing 30 yd. at $3 per 
yard. 10 yd. of it were damaged, so that I had to sell it at 
a loss of 50%. The remainder I sold at 20% profit. How 
much did I lose on the whole ? 

9. The standard for gold coin in the United States is 9 
parts pure gold, and 1 part alloy. What % is alloy? What 
% is gold? 

10. If I buy cloth at $5 per yard, and sell it at $5.50, what 
% profit do I make ? 

11. When I sell goods at IJ their cost, what % profit do I 
make? 



I make a profit of i the cost; i.e., on every $1 spent in buying I 
make J of a dollar. The question then is, "J is what % of 1 ? 



» 



12. If I buy land at $27 per acre, and sell it at $36, what 
% do I make ? What, if I sell it at $30 ? At $90 ? 

13. A fruit-grower shipped 300 baskets (pecks) of peaches 
to Chicago ; but, on the way, 75 baskets spoiled. What % 
did he lose? What % was left? 

14. When I sell goods at f the cost, what % do I lose? 

The loss is i of the cost. Then the question is, **i is what % 
ofl?" 

15. When I sell goods at twice the cost, what % do I 
make? When at 1^ the cost? At l^V t^® cost? At 2 J the 

costF 
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16. What % is made by buying tea at 80 cents per pound, 
and selling it at $1 ? At 90^ ? At 85^ ? At $1 . 10 ? 

17. Bought a span of horses for $575, and sold them at 
$650. What % did I make? 

18. Bought a house and lot for $11500, and sold them at 
$13640, after having expended $350 in repairs. What % did 
I make? 

19. A merchant marked prints which cost him If to be 
sold at 9^. What % advance on cost was this? 

20. Bought 2560 lb. of coffee at 31^ per pound, and paid 
$1.50 per hundred for freight and $1 for cartage. What % 
did I make by selling it at 45^ per pound ? 

21. By selling cloth at $5.50 per yd., I make 10 % on the 
cost ? What was the cost ? 

22. By selling a horse for $230, I lost 8% on the cost. 
What was the cost? 

23. What was the cost of cloth marked $3.50 per yd., this 
being 15% advance on the cost? 

24. A merchant having marked down his goods 33J^% 
from his usual retail price, which was 20% advance on cost, 
what was the cost of an article now marked 20^ ? 

25. A merchant who had marked a certain lot of goods to 
sell at 15% advance on cost, in consequence of a rise in the 
market marked them up 5% on the former retail price. At 
what % advance on cost were they now marked ? 

26. From what price can I fall 33 J % on goods which cost 
$3.20 per yard, and still make 20% ? 

27. At what must I purchase nails by the keg (100 lb.) to 
sell them at bf per lb., and make 15% ? 

28. I have marked goods which cost me $2.50 per yd. to 
sell at 25% advance. What % can I fall on this selling 
price, and make 20% on the cost? 

29. A grocer, by retailing sugar at 12^^ per lb., made 10% 
on the cost. What was the cost per bbl. of 200 lb. ? 
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30. If, by Belling nails at 6^ per lb., I lose 4%, will I gain, 
or lose, by selling at 7^? What % on cost? 

31. At what must I buy boots by the case (1 doz. pairs) 
to make 15%, and sell at $4.60 per pair? 

32. Coffee, which cost me 14^ per lb., I sell at 6 lb. for 
$1. What % do I make? 

33. If tea at 75^ per lb. gives a profit of 20%, what 
would it yield at 56£^? What at 50^ ? What was the cost? 

34. What ffo does a man make who sells a horse for $100 
which was given to him? What, if he sells it for $250? 

35. Owning f of a factor3', I sold 16§% of my interest 
for $800, which was considered to be 10% less than its real 
value. What was the estimated value of the factory ? 

36. What % is made by buying berries by dry measure, 
and selling at the same price per quail liquid measure? 
What % is lost if I buy by liquid measure, and sell by dry, 
at the same rate per quart? 

37. A druggist buys a certain drug at $7.00 per lb. av., 
and sells it at $1.00 per oz. apothecaries' weight. What % 
profit does he make ? 

38. How must an article be sold by the dram (apotheca- 
ries'), which cost $5.00 per lb. av., to make 50% profit? 

39. I made $1750 in a certain business in 1876, which was 
15% more than I made in 1875. How much more did I 
make in '76 than in '75? 

40. If I sell \ of an article for the cost of the whole of it, 
what % gain do I make on the part sold ? 

If I sell 3 parts for what 4 parts cost, I sell at \ more than cost; 
i.e., at33i% advance. 

41. If I sell f of an article for what ^ of it cost me, what 
% do I lose on the part sold ? 

' If I sell 3 parts (|) for what 2 parts {\ = |) cost me, I sell at J 
cost, and hence lose ^ cost, or 33j%. 

Or suppose the article cost me $100: I sell for $50 what cost me 
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$75. Hence I lose $25, which is } the cost of the part sold. .*. I 
lose 33^%. V 

42. If f of the bujing price equals the selling price, what 
is the loss per cent? 

43. If f of the selling price equals the buying price, what 
is the gain per cent ? 

44. B lost 5 per cent by sellii^ a hectoliter of turpentine 
which cost $15. For what did he sell it a liter? 

45. Sold cloth which cost me 8 francs per yard at 8 marks 
per yard. What % did I make ? 



COMMISSION, BROKERAGE, AND BANKRUPTCY. 

317. An Agent, Broker, or Ck>ininission-Merohaiit, is 
a person who does business for another. 

CommisBion or Brokerage is the percentage paid an 
agent, broker, or commission-merchant, and is estimated at a 
certain rate % on the amount of business done. 

The distinction between Commission and Brokerage is not very 
clearly defined: but in a general way it may be said that the term 
Broker is more exclusively applied to persons dealing in money, 
stocks, exchanges, or other more characteristically monetary matters; 
while a Commission-Merchant deals in some other kind of property. 
The term Agent seems to be getting iuto use as a general term, cover- 
ing all classes of business-men away from the central office who ren- 
der service in business-affairs for others. 

318. The Amount of money received or expended in be- 
half of another is usually the base on which commission is 
reckoned, except in case of dealings in stocks and exchange ; 
in which cases it is customary to estimate brokerage on the 
par value of the paper. 

319. A Bankrupt is a person wlio, having failed in busi^ 
ness, is unable to pa}' his debts. 



{ 
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In such cases it is customary for the bankrupt to transfer his prop- 
erty to another person, called an Assignee, whose duty it is to settle 
with the creditors. The Liabilities are the sum of the debts. The 
Assets are the value of the property, including money, notes, and 
accounts due the bankrupt, etc. 

1 . Mr. Smith left with merchant Jones 5 doz. pr. gloves 
to be sold at $1.50 per pair, agreeing to allow Mr. Jones 
10% for selling. What was Mr. Jones's conmiission (per- 
centage) on 4 doz. which he sold? How much would he pay 
over to Mr. Smith ? 

2. Mr. Smith left with merchant Jones a certain number 
of doz. pr. gloves to be sold at $1.50 per pair, agreeing to 
allow him 10% for selling. On settlement, Mr. Jones's com- 
mission was $12.60. How many dozens were sold? 

3. $13.86 commission for selling $198 worth of goods is 
what % commission? 

4. A dealer in real estate sold a farm for Mr. A., charging 
him 5%. His commission was $375. For what did he sell 
the farm? 

5. A real-estate dealer charges me 5% for selling my farm 
of 320 acres at $58 per acre. How much do I receive for 
the faiTii? 

6. A grain-dealer sells 2000 bu. of wheat for me, and pays 
me $2450, his commission for selling being 2%. At what 
price per bushel did he sell it? 

7. An attorney collects a claim of $650.50. He pa3"s 
$23.75 costs, and charges 5% for collection. What does he 
pay the owner of the claim ? 

8. A bankrupt's assets were found to be $33000, and his 
liabilities $86000. What % can he pay? What will a cred- 
itor receive whom he owes $650? 

9. I receive $850 on a claim of $1250 against a bankrupt 
estate. What % does the estate pay? If the liabilities are 
$95000, what are the assets? 
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10. Paid an attorney $57.82J^ tor collecting a claim at 
^i % • What was the claim ? 

11. A commission-merchant charged $25.50 commission at 
2 J % for selling 120 bbl. of flour. What did he sell it at per 
barrel? and how much did he pay over to the owner? 

12. What amount of goods can be purchased for $318 if 
the agent retain 6% on the amount expended? 

13. A real-estate agent received $3000 to invest in land, 
after deducting his commission of 6i^%. What amount did 
he Invest? 

14. A commission-merchdnt receives and sells 12600 bu. 
of wheat at $1.37 x>er bushel on a commission of 8j%. 
What was his commission ? 

15. A commission-merchant charged $17.28 for selling 
640 bu. of potatoes at 60 cents a bushel. Wliat was the 
rate per cent? 

16. A commission-merchant sold 127 bbl. of flour for me 
at $7.50 per bbl. He paid $12.85 freight ; and this, with his 
commission, amounted to $70. What was the rate per cent 
of his commission? 

17. How many barrels of flour, at $7 a barrel, can an agent 
bu}^ for $441, after taking out his commission of 5% ? 

18. A country' merchant forwarded 160 bbl. of flour to be 
sold at $6.25 a barrel, the agent receiving a commission of 
S% for selling. After paying $5.45 for cartage, and deduct- 
ing his commission of 1^^, he invested the proceeds in 
plaster at $19 a ton. How many tons did he buy? 

19. I sent a note of $2500 to a lawyer in Hudson, with 
instruction to secure what he could upon it, as I understood 
that the firm against which the note was had gone into 
bankruptcy. He secured 62 J % on the face of the note, and 
charged me 5^ commission. How much did he remit to 
me? 

The base is 62i% of 2500. Why f (See 81 8.) 
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20. What amount of goods can be bought for $8758.25, 
allowing 2 J per cent commission ? 

21. An agent received $5650 to invest in wheat, at a com- 
mission of 3 J per cent. How much was expended in wheat? 
and what was the agent's commission? 

22. A Michigan merchant sent to a commission-merchant 
in Ciiicago 12 tons of maple-sugar during the season. The 
Chicago merchant paid railroad charges at 50^ per cwt., and 
$3.00 in all for cartage. His commission was 2^ per cent. 
What would he remit the Michigan merchant, he having sold 
the sugar at 25^ per pound ? 

23. A bankrupt's assets are found to be land valued at 
$3750 ; notes and accounts due him, $750 ; cash, $1250. He 
owes in New York, Mr. A., $4500; in Toledo, Mr, R. 
$1575, and Mr. C. $3000. I have a claim of $2540. 
Allowing the assignee 5^ on the assets, and court expenses 
$350, what per cent is my claim worth ? 



STOCKS. 

320. A Company is an association of persons for trans- 
acting business. 

Business Companies are of two general classes, — incorporated and 
unincorporated. The former are spoken of as CorporatUmSf and the 
latter as FirmSy Houses, or Partnerships. 

321. Capital Stock, or Joint Stock, is the amount of 
money paid, together with that subscribed, but not 3'et paid 
in, for the purpose of carrying on the business of the com- 
pany or corporation. 

322. Stocks are the certificates of a corporation, signed 
by the proper officers, and showing that the holder owns so 
many shares in the capital stock of the company. 
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stocks are usually reckoned by Shares of $100 each. Thus, if the 
capital of a bank is $200,000, and I own 50 shares of the stock, I own 

\^^ , or ^ of the capital, and hence am entitled to -^ of the net 

profits of the business. An owner of stocks is called a Stockholder, 

323. The Gross Earnings of a company is the total 
amount of money, or its equivalent, received in the transac- 
tion of its business. 

324. The Net Earnings of a company is the amount 
that is left after deducting from the gross earnings the 
ex]3enses of conducting its business, losses, and accrued 
interest upon its bonds or other obligations. * 

325. An Assessment is a sum required of stockholders 
to meet the losses or expenses of the company. 

326. A Dividend is an amount paid out of the Net Earn- 
ings to the Stockholders, It is usually reckoned at a certain 
per cent on the nominal or face value of the stocks. 

327. The Par Value of stock is the face of the certificate 
or bond. 

328. The Market Value of stock is the price per share 
at which it can be bought. 

329. When stocks sell for more than their par value, they 
are said to be at a Premium; when for less, they are at 
a Discount. 

330. Premiimi, Discount, and Brokerage are always 
reckoned on the Par Value. 

331. Stock-jobbing is the business of buying and sell- 
ing Stocks and Bonds, with a view to speculation. 

332. Quotations are public statements made in the news- 
papers and otherwise of the market value of stocks, bonds, 
etc. 
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I read in the daily paper to-day the following Quotations : — 
Kansas Pacific 49jk. 



Michigan Central . 

New- York Central 

Illinois Central 

Western Union Telegraph 

Wells, Fargo, & Co.'s Express Stock 



82|. 
116i. 

84^. 
105i. 
100. 



This means that I can buy stocks in these companies at the annexed 
rates: i.e., Kansas Pacific at $49^ per share; Michigan Central, $82^ 
per share; New- York Central, $116} per share, etc. The stock of the 
1st, 2d, and 4th are below par, the 3d and 5th above, and the 6th at 
par. 

1. What cost 50 shares Michigan Central Railroad at 49 j^? 

2. At what per cent discount is Illinois Central Railroad 
stocks, quoted 84|-? 

3. How much % below par is Kansas Pacific when quota- 
tions are 49J ? 

4. I send to a broker in New York $1000 with which to 
buy New- York Central stocks, quoted at 116J-. If he can 
buy only whole shares, and charges me brokerage j^%, how 
many shares can he buy for me ? and how much monej'' will 
he return ? What is his brokerage ? 

As every share will cost $116J + $J for brokerage, it will cost 
$116f . Hence he can buy 1000 -i- 116J = 8 shares and $66 remaining. 
His brokerage is J% of H^OO, or $2. 

5. A gas company. whose capital stock is $650000 declares 
a semi-annual dividend of 4^% . JHow much will be Mr. A.'s 
dividend, who holds 20 shares? What was the entire divi- 
dend ? 

6. A railroad corporation whose capital stock is $5000000 
wishes to raise by assessment $45000. What will be the 
rate per cent assessed? and what Mr. Z.'s assessment, who 
owns 15 shares? 

7. How much money must I remit to Chicago to buy 42 
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shares in Illinois Central, quoted at 84J, allowing the broker 
there ^% for buying? 

8. If the Illinois Central declares a dividend of 5% per 
annum, what % do I make on my investment in Ex. 7? 

As I pay $84f for each share, and receive $5 per annum on a share, 
the question is, What % of $84f is $5 ? 

9. If New- York Central pays 4% semi-annually, and the 
quotation is 116j^, what per cent per annum shall I make on 
my money by investing in it, brokerage for buying being 
^^o (calling 4^ semi-annually the same as 8^ per annum) ? 

10. At what rate must I buy stock in a company which 
pays 4^% semi-annual dividends to make the investment 
yield me 12% per annum, brokerage being j^%, and calling 
4^% semi-annually the same as S^ annually? What would 
such stock be quoted ? 

The simplest way to think of this question is this : If I knew what 
a share cost me, I would divide the annual receipt from it, $8.50, hy 
this cost, and get .12, if I was making 12%. Hence $8.50 divided hy 
the cost of 1 share is .12; then $8.50-^.12 = $70f is the cost of 1 
share. But $J of this is required for brokerage. Hence the quota- 
tion would be 70j. 

11. I have $2500 to invest for a couple of orphan-girls. 
Will it be better for them that I invest it in stock quoted 
at 81^, which pays 2f % semi-annual dividends (5J% per 
annum), brokerage at |^, or in real estate paying 7% per 
annum ? 



INSURANCE. 

333. Insurance is a branch of business in which com- 
panies called Insurance Companies make contracts to pay 
specified sums of money to other parties in the event of 
certain losses to which the latter may be liable, the company 
receiving a percentage on the sum guaranteed. 
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334. The contract is called a Policy. The sum which 
the party insured pays to the company is called the 
Premium. 

335. There are two principal departments of the insur- 
ance business ; viz., Fire Insurance and Life Insurance, 

336. As to the Constitution of the Company, Life-insurance 
companj6i may he proprietary ^ mutual, or mixed, — Proprietary 
when the stock is subscribed, and the company constituted in the 
ordinary way of organizing business corporations; Mutual when each 
person insured becomes a member of the company, and hence is both 
insured and insurer; Mixed when both features are combined. 

337. Policies are Life Policies when the amount guaranteed is 
due on the death of the insured; Term Policies when this sum is 
payable upon the death of the insured, provided it occurs within a 
specified time; Endowment Policies when the guaranty is payable 
when the insured reaches a certain age, or at his death if it occurs 
before he reaches that age. 

338. In addition to these pnnctpa^ forms of insurance, there are 
various others ; as Marine, Accident, Health, etc. The character of 
the ordinary operations and computations will be understood froidi 
the following problems. Any attempt to explain the principles upon 
which life insurance is calculated, or the theory of probabilities on 
which all insurance depends, is quite beyond the scope of this Work. 

For a clear and simple exposition of the principles on which life- 
insurance calculations are 'made, see the author's *' Science op 
Arithmetic** 

1. An insurance company gives me a contract agreeing to 
pay me f the value of my house in the event of its being 
burned during the year, for which security I pay the com- 
pany 1% on the amount insured. What is the written con- 
tract called ? My house being worth $3000, how much do I 
pay for the insurance ? What is this called ? If my house . 
is burned during the time, how much do I receive? 

2. What is the annual premium on a policy which insures 
a bouse worth $12000 for \ its value at J^%? 
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3. I insure my house for $3500, furniture for $1500, and 
library for $1000, at 80^ per annum on $100, for 3 3'ears, 
pacing $1 for polic}^ and 75^ for survey (i.e., examination 
of premises). What is the total premium? 

4. A life-instirance company gives me a contract in which 
they agree to pa}'^ my wife $4000 at my death, in considera- 
tion of my paying them an annual premium of 3 % . What 
is my annual pa3Tnent? 

5. What is the annual premium on a life policy for $3500 

at 23%? 

6. A ship was insured for $38000 for 2 months at 4%, 
and its cargo for $22400 for 3 months at 6^% ; and, being at 
sea the 64th day afterwards, the ship and cargo were de- 
stroyed by fire. What sum more than the premium received 
would the insurance company have to pay? 

7. What is the rate % for insurance of $5000 in an acci- 
dent-insurance company for one day, if the premium paid is 
10 cents? 

8. The premium for insuring goods was $5.50; the rate 
was 1J%. For what amount were they insured? 

9. If at 8% the premium on a boat was $146, for what 
amount was the boat insured ? 

10. If $59.22 was the premium, and 7% the rate, what was 
the amount of insurance? 

11. A premium of $129.60 was paid for the insurance of 
$17280 on a store. What was the rate % of insurance? 

12. What was the rate % of insurance on a box of goods, 
if it was insured for $340, and the premium was $4.25? 

13. Mr. A. insures his house at 5% for $3160, which 
covers f the value of the house, and $2 which he pays for the 
execution of the policy. What is the value of the house ? 

14. A ship from New York, valued at $52650; was insured 
for a whaling-cruise at 8^%. What was the premium? 

15. A gentleman has a house worth $16500, and furniture 
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valued at $3675, both of which are inBured for | of their 
value at 1J%. What annual premium does he pay? 

16. A, at the age of 40, effects an insurance on his life 
for 4 years, for the sum of $8000, at the rate of $1.80 on 
$100 per annum. What is the annual premium ? 

17. My house is valued at $5000, my furniture at $2000, 
and my library at $2000. If I get the whole insured for §- 
its value at f ^, what is m^'' annual premium? In the event 
of d^iu^ige by fire, if my hou^e is inju]?ed to the extent of 
$1500, my furniture $600, and my hhrary $300, what shall I 
receive from the company ? 

Ans. Premium, $22.50. Ordinarily policies make the company 
liable to pay all damages up to the amount insured. Hei^ce in this 
case I should receive $2400. 

Companies often reserve the right to restore the damaged building 
in lieu of paying its estimated dami^e in money to the owner. 

18. My house is worth $1200. I have it insured at f 9^ , so 
as to cover f of its value and the premium if it chances to 
burn within the year. What is the sum named in the policy? 
What the premium ? 

Of every $1 premium paid, how much applies on the property, and 
how much to refund premium ? 

19. A manufacturing establishment, worth $200000, is 
insured ia Co, A for ^ it^ value at j%, i^ Co. B for I its 
value at i%j and in Co. C for ^ its value at |%. What 
is the total annual premium? In case the establishment is 
damaged by fire to the extent of $15000, what is due from 
each company? 

20. Jan. 1, 1879, 1 took out a policy on my house, valued 
at $6000, covering f its worth at ^%, and paid $1 for policy, 
and $1 for surveying. I carried the policy 6 3 ears and 3 mo. , 
when the house burned. What was my loss, not reckoning 
iiitere^t on the annual premiums? 
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21. B's house, worth $15880, is insured for | of the value 
at 4%, so as to include the premium if burned. Required 
the sum stated in the polic}'. 

22. For what sum must a stock of dry-goods, worth $7500, 
be insured in order to include the value and the premium, 
when the rate of insurawce is ?i% ? 



TAXES AND DUTIES. 
Taxes. 

339. A Tax is money required by the government to be 
paid b}- the people of the country for the auppoit of govern- 
ment, or for public enterprises. 

The general theory of taxes is that they are laid upon property, and 
not upon persons: so it is designed that every dollar's worth of 
property shall bear aii equal part of the tax to be raised. Apportion- 
ing the tax to be raised, and detennining the value of each person's 
property, is called Assessing, 

There are, howerer, in some of the States, what are called Poll 
Taxes, A poll tax is usually a small sum (75^ or $1) required of 
every male over 21 years of age. 

1. In a certain school-district, the entire propertj' of which 
is valued^ at $125,000, a schoolhouse costing $5000 is to be 
built b^' public tax. How much is assessed on a dollar? 
What is Mr. Smith's schoolhouse tax, his property being 
assessed at $3000? Mr. Jones's, whose property is assessed 
at $4500? Mr. White's, whose property is assessed at 
$10000? 

If $125000 worth of property is taxed $5000, $1 bears \^}^^(t of the 
tax. Hence the tax on $1 is t J2J3o ^^ ^ dollar, or 4 cents. Mr. 
Smith's tax would therefore be 3000 times 4^, or $120; Mr. Jones's, 
♦180; and Mr. White's, $400. 

' 1 Such valua^on for the purpose of aMeeaing taxes is often oiade at half or less 
than half the actual value of property, though the present tendency is tQ require 
that it he made at the cash value. 
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2. The total State tax of Michigan for 1875 was $903- 
435.50.^ The total valuation of property in the State was 
$630000000. What was the State tax on $1 valuation? 
What was a man's State tax whose propert}- was valued at 
$2000? 

3. In a certain village the taxes were, for State purposes, 
IJ mills on$l ; for countj' purposes, J mill on $1 ; for school, 
3 mills ; for township purposes, 2 mills ; for corporation (vil- 
lage expenses) , 2^. What were a man's taxes whose prop- 
ert}*^ was listed (put on the tax-list b}' the assessor) at $3000 ? 
One whose propert}" was listed at $600? What was the 
school tax of each ? What the village tax ? 

4. A certain State legislature levies ^ of sl mill on a 
dollar as a tax for a particular interest. The valuation being 
$630000000, what wiU this >ield ? 

5. In a State in which the entire valuation is $2500- 
000000, what amount will a tax of .01 of a mill on a dollar 
raise ? 

6. In a certain school-district the people desire to raise 
$5000 for the purpose of building a schoolhouse. It is 
estimated that 6% of the amount levied will not be collected, 
and 5% is to be allowed for collecting. What amount must 
be levied ? 

What will $1 tax levied net for the building of the house ? The 
collector has 5% on all he collects, including his own percentage. 

7. Verify the above. Tliat is, in a certain school-district 
there was levied $5599.10 tax for building a schoolhouse. 
Of this 6% was uncollectible, and the collector was allowed 
5% for collecting. What did the tax net for the building? 

8. A bridge costing $250000 is to be built between two 

1 This was for such objects as the support of the State government; providing fo^ 
interest and payments on the State debt; for the various State institutions, as the 
University, Agricultural College, Normal School, State Public School, the various 
aByluma and prisons ; and for carrying forward the building of the State Capitol. 
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cities. The larger city is to bear f of the expense. The 
taxable property of this cit}' being $80000000, what will be 
a man's bridge tax who is taxed on 15000, assuming that 
the levy is made to include 3^% for collecting, and 10% as 
uncollectible ? 

9. Verify the last. That is, having all the facts given, 
including the answer, except the cost of the bridge, to find 
the cost of the bridge. 

10. The valuation of the taxable property of a town being 
$2100000, what will a levy of 1^ mills on a dollar net, 8% 
being- uncollectible, and 3% being paid for collecting? 

11. In a certain city a man pa3's $35.22 tax on a valuation 
of $1050. The entire tax levied being 425000, what is the 
total valuation of the city property? What is the actual 
value of the city propert}', if this man's property' is worth 
$4500? 

12. The total valuation in a certain city is $1500000, and 
a man taxed on $1050 valuation pa^'s $35.22. What is the 
total tax levied ? 

13.. The net proceeds of a certain assessment was $150- 
000. Allowing 4^% of the levy as having proved uncol- 
lectible, and 3j% commission for collection, what was the 
total tax levied ? 

14. The assessed value of proi^erty in the State of Illinois 
for 1873 was $1355401317. The total tax assessed was 
$21963821.29. Of the latter 5023609.50 was for State pur- 
ix)ses, $5533091.20 for county purposes, $1583942.32 for 
city purposes, and $9823178.27 for town, district, and other 
local pui'poses. The school tax for this 3'ear was $999- 
587.91. 

15. What was the tax on $1 valuation in the State of 
Illinois for 1873? 
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16. From the data in 5 and 6 fill out the following 



TABIiE. 



Prop- 
erty. 


Tax. 


Prop- 

BBTT. 


Tax. 


Prop- 
erty. 


Tax. 


Prop- 
erty. 


Tax. 


$1 




$10 




$100 




$1000 




2 




20 




200 




2000 




3 




30 




300 




3000 




4 




40 




400 




4000 




5 




50 




500 




5000 




6 




60 




600 




6000 




7 




70 




700 




7000 




8 




80 




800 




8000 




9 




90 




900 


/ 


9000 





17. From the above table, when filled out, detennine b}'' 
mere addition what a man's tax would be who was taxed on 
$5680 real estate and $1050 personal pro pert}'. A man who 
was taxed on $548 real estate and $85 personal propert}'. A 
man taxed on $8572 real estate and $12765 personal prop- 
erty. 

18. How much property' was a man assessed upon who 
paid $125 tax in Illinois in 1873? How much of this $125 
was for State purposes? How much for school tax? If his 
property was assessed at § its real value, what was this man 
worth ? 

19. What school tax did a man in Ilhnois who was worth 
$20000 pa}'^ in 1873, supix)siug his property to have been 
assessed at ^ its real value ? 
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United^States Revefuie. 

840. The expenses of the General Government ^ are pro- 
vided for b}' a Tax on ImpoHed Goods ^ and by the Internal 
Revenue. 

341. Duties, or Customs, are taxes levied on imported 
articles, and are either Specific or Ad Valorem, 

3 42. Specific Duties are duties levied on particular articles 
irrespective of their value. Ad Valorem Duties are duties 
levied on articles bought in foreign markets, and are esti- 
mated at a certain per cent on the net cost. 

In transporting goods from one country to another there is more 
or less liablHty to loss, and consequently there are certain deductions 
made for such losses in cases in which specific duties are charged. 
The principal of these are Dr({ft, an allowance by weight for waste ; 
Tare, a deduction from gross weight, made for the weight of the 
box, bag, or other thing containing the goods; Leakarfe, a deduction 
made for actual loss through leakage from casks; Breakage, a loss 
by breakage fi*om things imported in bottles. 

In order to collect IhiUeSy or Chi8to^)Vi, Congress deteimines on 
what articles and at what rates they shall be charged; and the 
schedule embracing these facts i« called a TariffJ^ Congress also 
designates Ptyrts of Entry ; that is, ports where imported goods can 
be landed, and where Custom-Houses are built, and officei-s of govern- 
ment kept to collect customs. 

343. Internal Revenue is revenue derived from sale of 
public lands ; from sale of postage and other stamps ; from 
taxes on certain manufactures, as distilled and malt liquors, 
etc. 

* That is, the government of the United States as a whole. These expenses are 
proWdcd for by Congress, and embrace the salaries of United-States officers, the 
expenses of the mail, army, and navy senice, the improvement of navigation, 
expenses for national buildings, etc. 

* From Tarifa, a fortress established by tlie Moors at the Straits of Oibraltar, 
where they exacted duties from all vessels entering or leaving the Mediterranean 
Bea. 
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Laws regulating the internal revenue are called Excise Laws^ in 
distinction from Tariff Laws, which r^;ulate Duties, 

Ex. 1. — M. S. Smith, Detroit, Mich., importer of watches, 
etc., received an invoice of 3 cases of Swiss watches, cost- 
ing 22800 francs; duty, 25%; cost of transportation, 35 
francs; commission to agent in Geneva, 2^%. What was 
the total cost? 



Solution. 

Net cost in Geneva, 
Duties paid in New York, 
Commission to agent in Grcneva, 
Transportation, 


22800 francs. 
6700 " 
570 " 
35 " 


Cost in francs. 


29105 



.193 



(a> 


13s. 


(a) 


25. 


(a> 


lid. 


(a> 


3s. 


(a> 


25. Ad. 



Total cost, $5617.265 

2. A dr3'-goods importer received at Boston from Liver- 
pool the following invoice : — 

650 yd. broadcloth 
1246 yd. lace 
1200 yd. coach lace 
1950 yd. ingrain carpet 
2560 yd. diugget 

The duty on the broadcloth, carpeting, and drugget was 
30%, and on the laces 25%. What were the customs? 

3. What is the duty, at 40%, on 110 chests of tea, each 
containing 67 lb., and invoiced at 90^ a lb., the tare being 
9 lb. a chest? 

4. What is the dut}' on 50 hhd. of molasses, 63 gal. each, 
at 20^ per gal., leakage 3% ? 

5. What is the duty on 15 casks of Malaga wine, each 
holding 54 gallons, invoiced at 45 cents per gallon, allowing 
2 per cent for leakage, the custom-house rate being 20 cents 
per gallon, and 25 per cent ad valorem. . 
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On some articles both specific and ad valorem duties are charged, 
as is supposed in the last example. 

6. A wholesale merchant in Boston imported 80 dozen 
bottles of Cologne water, invoiced at $5.25 per dozen. 
Allowing 5 per cent for breakage, and regarding a dozen 
bottles as equivalent to 2J gallons, what is the duty, the rate 
being $3 per gallon, and 50 per cent ad valorem? 

7. What is the duty on 20 hhd. sugar, invoiced at 1160 lb. 
each, tare being 10%, and the duty 3^ per lb. ? 

8. What is the duty on 3 lots linen hdkfs., which the 
appraiser classifies as follows ? — 

1 lot, value £34 4s. 6d[., duty 35%. 
1 lot, " £14 12s. 6d., " 40%. 
1 lot, " £36 lis. 3d[., '' 40%. 

9. How much will it take to pay the duties on 3 cases of 
French mousseline de laine, containing 7563.8 meters, in- 
voiced at .88 francs, the impost being 8^ per j'd., and 40% 
ad valorem. 

10. What is the duty on 5 T. 16 cwt. 3 qrs. 20 lb. of 
steel, invoiced at 25^ per lb., the duty being 20% ? 

In the United-States custom-houses 112 Ih. is called a hundred- 
weight, whence 28 lb. is a quarter; i.e., the Long Ton is in use. 



SECTION ni. 
INTEREST. 



Ex. 1 . — Mr. Smith lends me $250 for a year, and I agree to 
pa}^ him back the $250 at the close of the year, and 6% addi- 
tional for the use of the money. How much do I pay for the 
use of the money? How much do I pay Mr. Smith in all at 
the end of the year? 
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344. Interest is mone}- paid for the use of money .^ 

345. The Principal is the sum for the use of which 
interest is paid. 

It will be seen that Principal corresponds to Betsey as heretofore 
used, and Interest to Percentage; so, also, the Amount is the sum of 
prmcipal and interest. 

346. Simple Interest is interest which is considered as 
falling due only when the principal is paid^ or when a partial 
payment is made. It is usually reckoned at a certain i)er 
cent per annum (year) . 

According to this principle, — viz., that the hiterest does not fall 
due till a payment is made on the principal, — no interest is allowed 
on accnied interest. 

[For information about Usury Laws, see (304) ]. 

2. What is the simple interest on $125 for 3 yr. at 7% 
per annum? What the amount? 

OpKftATtoK. Explanation. 

$125 Since *t% Id .07 of the principal, the interest for 1 

JL?L yr. is $125 X .07, or $8.75; and the interest for 3 yr. 
8.75 is 3 times the interest for 1 yr., or $8.75 X 3 = $26.25. 
The amount, being the sum of principal and interest, 



3 



jig i« ^151.25. 
$151.25 

3. What is the interest on $250.60 for 2^ jt. at 10% per 
annum? What the amount? 

4. If I borrow of Mr. White $325 for 1 jt. 8 mo. 15 da. 
at 7%, what shall I have to pay him at the expiration of the 
time ? 

1 As the basis on which interest is computed is always money, it is not deemed 
best U) cumber the dcfinftion with any alliuton to any thing else. 
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Explanation. 

Since 7% is .07 of 
the principal, the in- 
terest for 1 yr. is 
$325 X. 07 = $22. 75. 
For 6 mo. the inter- 
est is J of the inter- 
est for a year, and 
the interest for 2 mo. 
is i the interest for 
6 mo. 15 da. is i of 
15 da. is j- the interest 
interest for 1 yr. 8 mo. 



Opbbation bt Aliquot Parts. 

$325 
^ 

$22.75 Int. for 1 yr. 
11.375 Int. for 6 mo. ^ h int. for 1 yr. 



3.792 
.948 

$38.86 
325.00 

$363.86 



Int. for 2 mo. = J int. for 6 mo. 
Int. for 15 da. = } int. for 2 mo. 

Int. for 1 yr. 8 mo. 15 da. 
Principal. 

Amount. 



1 mo., or J of 2 mo. Hence the interest for 
for 2 mo. Adding these results, we have the 
15 da. 



Operation bt Decimals. 



30 


15. da. $325 


12 


8.5 mo. -"^ 




1-7A yr. 22.75 

1.7tV 
189 
15 925 
22 75 

38.864 
325 

$363.86 



The interest for 1 year Is $22.75, 

and 1 30*. 8 mo. 15 da. = 1.7yV Y^. 
Hence the interest for 1 yr. 8 mo. 
and 15 da. is $22.75 X 1.1^. 



To Cotnpute Simple Interest. 

347. Rule. — Multiply the p^'incipal by the rate^ and this 
product by the time in years. 

To find the amount^ add the interest to the principal. 

While this rule is perfectly general, some modifications in the form 
of the work arise from different methods of treating the montlis and 
days. We give three; 1st, Considering the months as aliquot parts 
of a year, and the days as aliquot parts of a month (30 da.); 2d, Re- 
duchig the months and days to decimals of a year; and, 3d, Calling 
the months 12ths of a year, and the days 30tUs of 12ths, imlicating 
the operations^ and cancelling. (See 348, 349*) 

The method of computing interest by aliquot parts is in more 
general use, notwithstanding that the method by decimals usually 
requires l§ss work. The most expeditious method is by cancellation. 
(See 348, 349.) 
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Business-men, who have frequently occasion to compute interest, — * 
as banlters, — generally make wae qf Tables. 

5. What is the amount of 8350 for 3 yr. 10 mo. 19 da. at 

8%? 



Bt Aliquot Pabts. 

$350 
.08 



28.00 
3 

84.00 
14.00 
7.00 
2.3333+ 
1.1666+ 
.2333+ 
.0777+ 

$108.81 
350^ 

$458.81 



Interest. 
Amount. 



30 
12 



Bt Decimals. 
19. 



10.633+ 



3.886+ 
28 

31088 

77 72 



$350 
_ .08 

$^.00 



$108,808 
350 

$458.81 



Interest. 
Amount. 



Solve the following by each of the above methods, and 
obsen^e which is the more expeditious. Find both interest 
and amount. 

6. $52.80 at 6% for 2 jt. 8 mo. 12 da. 

7. $235.50 at 10% for 3 yr. 6 mo. 10 da. 

8. $245.60 at 8% for 2 >t. 7 mo. 21 da. 

9. $500 at 6% for 2 yr. 5 mo. 12 da. 

10. $750.50 at 7% for 1 yr. 8 mo. 20 da. 

11. $436.75 at 5% for 1 yr. 2 mo. 15 da. 

12. $230 at 6% for 11 mo. 15 da. 

13. $1385.50 at 15% for 23 da. 

14. $14.30 at 8% for 2 yr. 9 mo. 

15. $325.25 at 6^% for 2 yr. 9 mo. 12 da. 

16. $2360.25 at 8% for 7 mo. 

17. $18.28 at 5% for 5 yr. 9 da. 

18. $87.50 at 7% for 3 jt. 3 mo. 

19. $480 at 15% for 6 yr. 3 mo. 

20. $18.20 at 5|% for 9 yr. 9 mo. 9 da. 





910 

455 

9100 


Int.l yr., 


1.0465 
9 


Int. 9 yr., 
" 9 mo., 
" 9 da.. 


9.4185 
.79 
.026 
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348. The last example solved by cancellation: — 

I„t.for9mo., h^^^^^:j^ l^OoJ 

4 

3 

Int. for 9 da. , - ' , J^.,^ = 0. 26+ 

10 
For the parts of 1 yr. the interest will 
be found with sufficient accuracy if we 
take the interest for 1 yr. to the neai-est $10.23 

cent. 

349. Rule. — To find the interest fw month» by cancellation, 
write as the numerator of a fraction the interest for 1 year, taken to 
the nearest cent, and the number of months as factors* For the 
denominator write 12, and then cancel. 

For days write as the numerator the biterest for 1 year, and the 
number qf days in the same way, and for the doiominator 1£ X 30, 
and then cancel. 

That the three methods of considering the time are all embraced 
under the general rule (347) may be shown by indicating the three 
methods of solving the last problem thus; — 

Principal. Rate. Time. Interest. 

$18.20 X.05| X{Q + i + iofi + i\oi\) =$10.23. 
$18.20 X .05f X (9.7f ) = $10.23. 

$18.20 X .05| X (9 + /j + j^^) = $10.23. 

These multiplications by the time in the first two methods would 
appear in the practical work thus (for the 3d, see above): — 

Int. fori yr., 1.0465 1.0465 

9 9.7t 

9.4185 5232 

Int. fori yr., .5232 2616 

" iofjyr., .2616 73255 

** ^ofiyr., .0261 94X85 

$Ta23~ $10.23 
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21. $64.50 at 7% for 2 yr. 16 da. 

22. $725 at 3^% for 5 yr. 2 mo. 18 da. 

23. $5000 at 7% from May 6, 1875, to July 7, 1877. 

Find the time by subtracting dates (265). 

24. $81.25 at 6% from Aug. 6, 1873, to Nov. 4, 1876. 

25. $105.23 at 10% from June 10, 1871, to Oct. 1, 1875. 

26. $76.42 at 5% from May 9, 1874, to Aug. 9, 1874. 

27. $18.00 at 8% from Aug. 8, 1875, to Aug. 30, 1875. 
'28. $5600 at 4^% from April 1, 1876, to April 1, 1878. 

29. $43.60 at 3|% from July 12, 1874, to June 1, 1877. 

30. $150.30 at 10% from May 8, 1875, to Nov. 6, 1876. 

31. $400 at 10% from Sept. 6, 1876, to Sept. 6, 1878. 

32. $350 at 12% from Nov. 9, 1877, to Dec. 9, 1877. 

33. $820 at 7% from Dec. 5, 1876, to July 24, 1877. 

34. $1000 at 7% from Feb. 7, 1870, to Aug. 9, 1876. 

35. $125.41 at 7% from July 10, 1873, to June 10, 1874. 

36. $93.25 at 10% from Jan. 1, 1877, to July 1, 1877. 

37. $48.50 at 5% from Oct. 3, 1877, to Jan. 3, 1878. 

38. $150.40 at 7% from May 23, 1876, to Oct. 1, 1878. 

39. $741.50 at 5^% from Nov. 29, 1875, to Aug. 30, 1877. 

40. $13.50 at 10% from May 7, 1876, to Sept. 10, 1876. 

41. $250 at 6% from July 1, 1873, to April 1, 1874. 

42. $450 at 5% from Aug. 7, 1875, to Aug. 7, 1877. 

43. $158.23 at 8% from Dec. 25, 1877, to Sept. 23, 1878. 

44. $354.40 at 8% from June 30, 1870, to Nov. 1, 1876. 

45. $700 at 9% from May 20, 1873, to March 6, 1875. 

46. $60 at 12^% from March 17, 1875, to April 6, 1877. 

47. $4000 at 5% from Jan. 25, 1872, to Feb. 18, 1874. 

48. $250 at 10% from March 6, 1872, to April 30, 1873. 

49. $175.50 at 7% from Feb. 7, 1876, to Aug. 11, 1878. 

50. $300 at 8% from July 1, 1876, to Jan. 16, 1878. 

I For further exercises aud various forms of noteSy see p. 263 
ei seg,] 
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To Fitid the Simple Interest on any Principal by 

means of Interest Tables. 

There are several different volumes of such tables in use by 
bankers and accountants; but the general principle is the same. We 
have space to give only one page of such tables, and select that which 
gives the simple interest on $1, for any time less than 6 years, at 5%, 
6%, 7%, 8%, 10%, and 12%. Such volumes generally contain tables 
which enable us to take the intei-est on any sum directly from the 
table, requiring no arithmetical process but addition. 

350. Rule. — To find the interest on any sum from tJie 
folloioing table ^ take from the table the interest on il for tJie 
given number of years^ months^ and days^ and add these 
residts. Multiply this sum by the given principal, 

1. Find from the table the simple interest on $143.25 for 
3 yv. 7 mo.. 22 da. at 7% per annum. 

Interest on $1. 

.21 For 3 yr. 
.0408 For 7 mo. 
M^ For 22 da. 

.255 For 3 yr. 7 mo. 22 da. 



The hiterest 


on $143.25 is 


143i times the 


interest ou $1 : 


hence .255 
14SJ 

64 




da. 


765 
1020 
255 






$36.53 Int. required. 



Solve the following b}' the table on the next page, finding 
both interest and amount : — 

2. J340 at 5% for 2 yr. 5 mo. 11 da. 

3. $28 at 10% for 93 da. (3 mo. 3 da.) 

4. $12.50 at 8% for 63 da. 

5. $135.37 at 7% for 5 mo. 13 da. 

6. $81.40 at 8% for 1 yr. 17 da. 

7. $471 at 10% for 2 yr. 6 mo. 5 da. 

8. $251.13 at 7% for 30 da. For 1 yr. 3 mo. 

9. $125.10 at 12% for 340 da. For 3 yr. 

10. $2000 at 10% for 2 yv. For 3 yr. 6 mo. 10 da. 

11. $57.35 at 7% for 2 yr. 8 mo. 10 da. 
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12%. 


6%. 


7%. 


YEARS. 

1 


10%. 


6%. 


8%. 


.12 


.06 


.07 


.10 


.05 


.08 


.24 


.12 


.14 


2 


.20 


.10 


.16 


..36 


.18 


.21 


3 


.30 


.15 


.24 


.48 


.24 


.28 


4 


.40 


.20 


.32 


.60 


.30 


.35 


5 


.50 


.25 


.40 


.01 


.005 


.00583 


MONTHS. 
1 


.00833 


.00416 


.00666 


.02 


.01 


.01166 


2 


.01666 


.008.33 


.01:3:33 


.as 


.015 


.01750 


3 


.02.500 


.01250 


.02000 


.04 


.02 


.023:« 


4 


.0:33.33 


.01666 


.02666 


.05 


.025 


.02916 


5 


.04166 


.o2oas 


.03333 


.06 


.as 


.assoo 


6 


.05000 


.02500 


.04000 


.07 


.a35 


.04083 


7 


.05^33 


.02916 


.04666 


.08 


.04 


.04666 


8 


.06666 


.a3.333 


.a5.3.33 


.09 


.045 


.05250 


9 


.07.500 


.03750 


.06000 


.10 


.05 


.0583:3 


10 


.08.3.33 


.04166 


.06666 


.11 


.055 


.06416 


11 


.09166 


.04583 


.07^33 


.0003.3 


.00016 


.00019 


DAYS. 

1 


.00027 


.00013 


.00022 


.00066 


.000:33 


.00038 


2 


.000.55 


.00027 


.00044 


.00100 


.00050 


.00058 


8 


.00083 


.00041 


.00066 


.001.3.3 


.00066 


.00077 


4 


.00111 


.00055 


.00088 


.00166 


.oooas 


.00097 


5 


.001:38 


.00069 


.00111 


.00200 


.00100 


.00116 


6 


.00166 


.00083 


.00133 


.002:33 


.00116 


.001.36 


7 


.00194 


.00097 


.00155 


.00266 


.001:^3 


.001.55 


8 


.00222 


.00111 


.00177 


.00300 


.00150 


.00175 


9 


.00250 


.00125 


.00200 


.00333 


.00166 


.00194 


10 


.00277 


.00138 


.00222 


.00366 


.00183 


.00213 


.11 


.00.305 


.001.52 


.00244 


.00400 


.00200 


.002.33 


12 


.003.33 


.00166 


.00266 


.004.33 


.00216 


.00252 


13 


.00.361 


.00180 


.002as 


.00466 


.002:^3 


.00272 


14 


.00388 


.00194 


.oa3ii 


.00.500 


.002.50 


.00291 


15 


.00416 


.00208 


.003.33 


.00533 


.00266 


.00311 


16 


.00444 


.00222 


.oa3.55 


.00566 


.00283 


.00.3.30 


17 


.00472 


.002.36 


.00377 


.00600 


.00.300 


.00350 


18 


.00500 


.002.50 


.00400 


.006^3 


.00316 


.00.369 


19 


. .0a527 


.00263 


.00422 


.00666 


.00333 


.00.388 


20 


.Oa555 


.00277 


.00444 


.00700 


.003.50 


.00408 


21 


.00.583 


.00291 


.00466 


.00733 


.00366 


.00427 


22 


.00611 


.00305 


.00488 


.00766 


.00383 


.00447 


2:3 


.00638 


.00319 


.oa5ii 


.00800 


.00400 


.00466 


24 


.00666 


.00,3.^3 


.00.5:3:3 


.008.33 


.00416 


.00186 


25 


.00694 


.00.347 


.00.5.55 


.00866 


.00433 


.00.505 


26 


00722 


.0a361 


.00577 


.00900 


.00450 


.00525 


27 


.007.50 


.00375 


.00600 


.009:^3 


.00466 


.0a544 


28 


.00777 


.00.388 


.00022 


y ,00966 


.00483 


.00563 


29 


.00805 


.00402 


.00644 
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12. $145 at 8<% for 3 3T. 11 mo. 5 da. 

13. $280 at 6% for 7 mo. 16 da. 

14. A note' of $65.80, dated Feb. 20, 1868, and bearing 
interest at 7%, was paid June 25, 1870. What was the 
amount paid? 

Fiud the time by subtracting dates (265). 

15. On the 21 St day of Januar}', 1874, for value received, 
I pmmise to pay to John Jones, or order,' $350, with interest 
at 7% i)er annum. 

Auburn, Dec 5, 1869. Henry Fish. 

What was the amount of this note Jan. 21, 1874? 

16. One da}' after date, for value received, I promise to 
pay John Smith, or bearer,* one hundred and twenty-five and 
^^ dollars, with interest at 10^. 

Rochester, Mich., May 6, 1875. Henry Hoyt. 

What was the amount of this note March 5, 1877? 

17. Jan. 6, 1877, for value received, I promise to pay 
Enos Ames ^ five hundred and fifty dollars, with interest at 

7%. 

Perrysdurg, O., May 7, 1875. M. C. Peters. 

What is ttie amount of this note Jan. 6, 1877? 

18. Due Charles Minton, or order, thiity-six dollars, with 
interest at 6%, value received. 

Weston, O., April 6, 1874. John Piper. 

What was the amount of this due bill Jan. 15, 1876? 

> A note is a written contract by which one party agrees to pay another party a 
apficiAed sum. 

* The words ** or order '* in this connection prevent John Jones from selling the 
note, without putting his name on it; i.e., indorsingit. Wlien indorsed, it is said to be 
** negotiable ; " and John Jones can be made to pay it, if Henry Fish does not. 

s This note is negotiable without being indorsed. Anybody can collect it who 
may chance to have it. But, if John Smith or anybody else does indorse itt the 
indorser becomes liable for it. 

* As this note is payable to nobody bnt Enos Ames, no one else can collect it. It 
is not *' negotiable,'* and Enos Ames cannot sell it even by indorsing it. This is the 
common law. There are statutes in Mme States, as in IlUooiftt f&aU9&% vaOoi y*:^^ 
negoUable by Jodorseoieat. 
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19. One day after date, for value received, we jointly and 

severally agree to pay Sarah Miner, or order, seven hundred 

dollars, with interest at 7%. 

Solomon Pikk. 

Chicago, III., June 6, 1875. James Noah. 

What was the amount of this note March 29, 1877? 

Such a note as the above is called a " Joint and SeveraV^ note, and 
either signer is equally liable for it. The holder may take his choice 
as to which he will collect it from, or he may proceed against both 
signers. 

20. Two 3'ears from date, for value received, I promise 
to pay Stephen Ely, or order, three hundred and seventy- 
five doUai-s, with interest. (See 865.) 

Plymouth, Mich., June 7, 1875. Smfth Phillips. 

What was the amount of this note June 7, 1877? 

What would the amount have been if the note had been 
dated Plymouth, Mass.? If in Wisconsin? If in Ohio? 
In Illinois? In Minnesota? In Iowa? 

21. Sold my house and lot Aug. 21, 1875, for $5500, 
receiving $2500 cash, and a 7% note for 3 3T. secured by 
mortgage for the balance. I immediately let the S2500 at 
10% for 3 }T. When both became due, I bought a house and 
lot for $8560. How much money besides the avails of the 
house and lot sold did I have to raise ? 

22. Bought a bill of goods amounting to $750, J payable 
in 30 da., ^ in 60 da., and ^ in 90 da., at 6%. What was 
the entire cost of the goods? 

23. What is the amount of $83.25 at S% from May 6, 
1861, to Nov. 10, 1870? 

At 10% from July 8, 1871, to April 17, 1873? 
At 6i% from Sept. 13, 1870, to Feb. 13, 1875? 
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Other Metliods of Reckonitiff the Time* 

35L The foregoing method of obtaining the time by sub- 
tracting the earlier date from the later, calling 12 mo. a jear 
and 30 da. a month, though the method in common use, does 
not usually get the exact time wlien months and da3*s are 
involved. There are three other methods in use : — 

1st, That which requires that a day be reckoned ^ib 
part of a year, and that the time be reckoned in 3'ears and 
daj's, the month unit being excluded. All interest transac- 
tions with the United-States Government are computed on 
this basis. It is called Exact Interest, 

2d, A number of States have statutes requiring that the 
time be reckoned in calendar yeai's and months, and that the 
days in excess be reckoned as SOths of a month. 

3d, Bankers^ and sometimes other business-men, reckon 
interest on short^time paper by taking the exact number of 
daj's, and calling them 360ths of a year. 

There is never more than one or two days' difference between the 
time as found by the common method and by the second above given. 

From the interest obtained by the Banker^ 8 Method for a given 
number of days, ^5 must be subtracted to give the Exact Interest, 
and to the latter -f^ must be added to produce the foi-mer. 

1. What is the exact interest on $450 at 10% from May 
25, 1868, to Jan. 8, 1869? What by the Banker's Method? 

The interest for 1 yr. is $45, and the exact time 228 da. Hence 

9 

The Exact Interest is ^^^}^P^ = ^P = $28.11-. 

73 

114 

By the Banker's Method, ^^^^I^ = $28.50. 

4 
352« Days of Grace. — When money is borrowed al «^ 
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bank, the interest is required in advance (i.e., when the 
money is borrowed), and is reckoned for three days (in 
Penns^'lvania four days) more than the nominal time. These 
three days are called days of grace. The interest in such 
a case is usually called Discount. (See 871.) 

Tliis custom of allowing days of grace has become well-nigh uni- 
versal with reference to business paper (obligations for tlie payment 
of money). The general rule is, that a suit at law cannot be insti- 
tuted for the collection of any such paper until three days after its 
nominal maturity. Hence, in discounting such paper, it has become 
customary to compute the amount including these days. When the 
interest is paid at the time of settlement, it is, of course, reckoned to 
the date of such settlement. 



353. The Maturity of a note is 3 dajs after it is nomi- 
nally due. 

When the date at which a note falls due is specified, the days of 
grace are always included. 

2. What is the exact interest and what the bank discount 
on $140.40 from Aug. 29, 1864, to Nov. 28, 1864, at 6% ? 



Time 60 da. 

2.808 
$^,^9 X 6 X 6|3I _ 16.848 X 6 101.088 

mxm "~ 73 "" 73 
73 



= $1.38+ Exact Interest 



All the work appears here except the last division. 
' ^^ = $1.40, Banker^s Discount. 

3. What is the exact interest on $1580 fix)m June 10, 
1874, to Feb. 17, 1875, at 10%? 

4. Wliat is the exact interest on a $1000 United-States 
bond, at 5%, from Oct. 1 to May 6 following? From March 
13 to Dec. 12 following? 

Compute the exact interest on the following, and find the 
amouDta : — 
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Date. 


Principal. 


%. 


When Due. 


5. 


May 10, 1876, 


$45.25, 


7, 


Aug. 8, 1877. 


6. 


Sept. 20, 1876, 


»82.10, 


8, 


June 5, 1877. 


7. 


Feb. 10, 1876, 


$125.80, 


5, 


May 11, 1877. 


8. 


Jan. 1, 1871, 


$530.00, 


4i, 


Nov. 10, 1873. 


9. 


April 7, 1874, 


$1000.00, 


4, 


July 17, 1876. 


10. 


Aug. 13, 1876, 


$250.00, 


4, 


Mar. 19, 1877. 


11. 


May 1, 1876, 


$125.00, 


7, 


Sept. 6, 1876. 


12. 

• 


Aug. 17, 1875, 


$35.50, 


10, 


Sept. 21,1875. 



13. B}' the banker's method, what is the interest on a 7% 
$350 note dated May 11, 1876, and nominally pa3able Sept. 
10, 1876? What by the common method? What by the 
method of exact interest? (All with grace.) 

The interest for 1 yr. is $24.50. 

By the Banker^ 8 Method the time is 125 da., or J|J of a year, and 
the interest is $8.51 — . 

By the Common Method the time is 4 mo. 2 da., and the interest is 

By the Exact Method the time is 125 da., or J|J of a year, and the 
interest is 8.39-|-. 

14. For value received, I promise to pay George Van 
Horn, or order, $500, Nov. 6, 1877, with interest at 10%. 

PoNTiAC, Mich., June 1, 1877. Amos White. 

What is the interest on tliis note by the Banker's Method? 
When does the note mature f 



Other Methods. 

354. The 6% Method. — When the time is to be reck- 
oned in the common way (i.e., 12 mo. = 1 3T., and 30 da. 
= 1 mo.), call ^ the number of montlis cents, and J the 
number of days mills, and the sum will be the interest on 
$1 for the given time at 6%. 

The reason for this is evident; since at 6% tlie interest on $1 for 
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1 yr. is 6c., or Jc. per ma Again: as the interest on $1 for 1 mo. is 
5 mills, it is 1 mill for every 6 days. 

Ex. What is the interest on $245.50 at 6% for 2 yr. 7 mo. 
21 da.? 

} the months is 15.5, and ^ the days 3.5. Hence the interest on $1 
for the time at 6% is $0.1585. Multiplying this by 245^ gives $38.91, 
the interest required. 

Note. — Having the interest at 6%, that at 5% can be obtained by 
deductiwj J of the interest at 6%, at 7% by adding j, at 4% by deduct- 
ing J, at 8% by adding J, etc, 

355 • The 1% Method. — Remove the decimal point in 
the principal 2 places to the left. Multiply this result by the 
rate per cent^ and the time. 

Moving the decimal point 2 places to the left gives the interest on 
the principal for 1 yr. at 1%. Multiplying this by 7 gives it for 7%, 
etc. 

Ex. Solve the above example in this way : — 

Interest for 1 yr., at 1%, $2,455 

6 





" lyr., at6%, 




" 2yr., 




" 6 mo., 




" 1 mo.. 




" 10 da., 




" 10 da., 




« 1 A^ 



$14.73 

29.46 

7.365 

1.227 

.409 

.409 

.041 



« « 



2 yr. 7 mo. 21 da., $38.91 



$14.73 
2.64j ^ 

By Decimals. -- The time is 2.64J year. Hence 245 

we multiply the interest for 1 yr. by the number of ^^^2 

vears ®^ 

years. 2946 



$38.9117 



356. The 12% Method. — Remove the decimal point 2 
places to the left^ a/nd then multiply by the time in montJis, 
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This gives the interest for 12%, which is readil}" changed to 
any other rate. Thus, for 6%, take i the interest at 12% ; 
for 8%, deduct | ; for 9%, deduct ^ ; for 10%, deduct J ; 
for 7%, add J to J. 

The reason for this rule is, that 12% is If on a dollar of principal 

for 1 mo. 

$2,455 
31.7 

Ex. — The last example computed in this way oj^ 

appears as in the margin. 7365 

2) 77.8235 
$38.91 

This is an excellent method. It will be observed that all the work 
which needs to be written for this solution appears in the margin. 

[Practice in the use of any of these methods can be secured by the 
foregoing examples, if desired.] 



COMPOUND INTEREST. 
357. Compound Interest is interest considered as falling 
due at regular intervals of time, and to be reckoned as in- 
creasing the interest-bearing debt from such times. 

This method of reckoning interest allows interest on interest ac- 
crued ; and hence the term compound, meaning interest on interest. 

1 . What is the amount of $350 at annual compound inter- 
est for 3 years at 7% ? 

Operation. 

$350 Ist Prin. 
.07 



24.50 Int. for 1 yr. on 1st Prin. 
350.00 1st Prin. 

$374.50 Amount for 1st yr., or 2d Prin. 

^ 

26.2150 Int. on 2d Prin. 
374.50 2d Prin. 



$400,715 Amt of 2d Prin. for 1 yr., or 3d- Prin. 
^ 

28.05005 Int. on 3d Prin. 

400.715 3d Prin. 



$428.76 Amt. al end of 3d yr. 
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Explanation. — As the interest is considered as falling due at 
tlie end of each year, at the end of the first year the debt is $374.50. 
Tliis is, therefore, to be on interest for the next year. Again: as the 
interest on tliis for a year, $26,215, falls due at the end of the year, it 
is added to the principal for this year, and makes the interest-bearing 
sum for the 3d year $400,715. This sum on interest for a year 
amounts to $428.77 ; which is, therefore, the amount of $250 on com- 
pound interest for 3 yr. at 7%. 

2. What is the amount of $152 at semi-annual compound 
interest for 2 years at 6% per annum? 

Operation. 



E2CPLAKATION. 

As the interest is considered as falling due 
at the end of each ^ year, we compute the 
interest for J a year, and then add it to 
the principal, thus making a new principal 
for the next J year. Instead of multiplying 
by .06 in this instance, and dividing the 
product by 2 to get the interest for | a year, 
we simply multiply by .03, which gives the 
same result. 



$152 
.03 

4.56 
152 

156.56 
^ 

4.6968 
156.56 

161.257 
M 

4.83771 
161.257 

166.005 

m 

4.98285 
166.095 



$171.08 



358. Rule. — To compiite Compound Interest^ reckon the 
interest on the principal for the first interval of time^ add it 
to the principal^ and consider this as a new principal for the 
next interval, etc. 

Or, Find from the interest tables the amount of $1 for the 
given rate and time, and multiply this by the given principal, 

Tlie result thus found is the Amount. The Compound 
Interest is tlie remainder after the firstprindpal is subtraxited 
from this amount. 
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COMPOUND INTEREST TABLE. 



Tkar. 


3%. 


4%. 


4>^%. 


6%. 


6%. 


7%. 


1 
2 
3 
4 
5 


1.030000 
1.060900 
1.092727 
1.125509 
1.159274 


1.040000 
1.081600 
1.124864 
1.169859 
1.216653 


1.045000 
1.092025 
1.141166 
1.192519 
1.246182 


1.050000 
1.102500 
1.157625 
1.215506 
1.276282 


1.060000 
1.123600 
1.191016 
1.262477 
1.338226 


1.070000 
1.144900 
1.225043 
1.310796 
1.402552 


6 

. 7 

8 

9 

10 


1.194052 
1.229874 
1.266770 
1.304773 
1.343916 


1.265319 
1.315932 
1.368569 
1.423312 
1.480244 


1.302260 
1.360862 
1.422101 
1.486095 
1.552969 


1.340096 
1.407100 
1.477455 
1.551328 
1.628898 


1.418519 
1.503630 
1.593848 
1.689479 
1.790848 


1.500730 
1.605781 
1.718186 
1.838459 
1.967151 



224972 
112486 
337458 
449944 
224972 



3. Find the amount of $243.12 at annual compound in- 
terest for 3 3T. at 4 % , both with and without the use of the 

table. Also the interest. 

$1.12486 

By the Table. — The amount of $1 at 4 % for 
3 yr. is $1.12486. Now, $243.12 amounts to 243.12 
times as much as $1, or $273.48. 

Hence the interest is $273.48 — $243.12 = 

$30.36. 

$273.4759632 

Find the compound interest of the following sums for the 
respective times and rates, both by the use of the table and 
without it : — 

4. $340 for 2 yr., compounded semi-annually, at 6%.^ 

5. $100 for 7yr. at 4^%. 

6. $230 for 6 yr. at 8%. At 5%. At 4%. 

7. $125 for 3 yr., compounded quarter^, at 12%. 

8. $270 for 4 yr., compounded semi-annuallj^ at 8%. 

9. $250 for 3 J yr., compounded semi-annuall}^, at 10%. 
10. What is due on a note of $200, bearing semi-annual 

compound interest at 9%, 2 yr. 10 mo. from date? 

* This meanB« "at 6% per annum," but compounded (i.e., interest added to prin- 
cipai) every 6 mo. : lience it is the same as 3% for 4 years, or $42.67. 
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Suggestion. — For 2^ yr. the amount is $249.2364 This is then 
on interest for 4 mo., wliich makes the whole amount $256.71. 

11. What is the difference between the simple interest of 
$500 at 10% for 3 years and the compound interest on the 
same sum for the same rate and time ? 

12. What is the amount of $325 at quarterly compound 
interest, at 2% per quarter, for 2 yr. 5 mo. 10 da. ? 

13. What is the interest of $540.20, interest compounded 
semi-annually, at 5% per semi-annum, for 4 years? What 
is the difference between this and the interest compounded 
annually at 10% ? 

14. What is the difference between the interest of $100, 
compounded quarterly at 6% per annum, for 2 yr., and the 
simple interest of the same sum for the same time at 7 % ? 

15. What is the compound interest of $480, at 5% per 
annum, from May 6, 1873, to July 13, 1875? 

16. What is the amount of a note for $500 Jan. 15, 1877, 
which draws 8% semi-annual compound interest, and is 
dated Aug. 18, 1874? 

The laws of the States usually do not allow the collection of com- 
pound interest. In some States such notes as the above would be 
collectible with simple interest, while in others the taking of such a 
note would forfeit all interest; and in other States it would entail a 
still heavier loss, in some even the entire debt. 



ANNUAL, SEMI-ANNUAL, AND QUARTERLY INTEREST. 

359. Contracts are often made in which it is agreed that the 
interest shall be paid annually, semi-annually, or even quarterly. 
This is, in fact, compounding the interest thus often; but, if the pay- 
ments of interest are not made as they fall due, the general rule is 
that only simple interest can be collected, although the statutes of 
some of the States allow simple interest on the d^erred payments qf 
such interest. 

1. On a note for $150, bearing interest at 7%, payable 
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annually, the debtor had neglected to pay the interest for 
3 yr. Allowing simple interest on the deferred paj-ments, 
what was then due on the note ? 

Ofbbation. 

As the first year's interest, $10.50, $150 

was not paid when due, it was subject «0'7 

to 2 yr*. interest; and in like manner the $10.50 

2d year's interest on principal was sub- — '— 

ject to 1 year's interest. Hence we ^^P 

have 3 years' interest on the interest of ^aeuiK t * 

^- . . 1* ^ /*i/^K/.^ ^x, $2,205 Int on mt. 

the principal for 1 year ($10.50) as the 31.50 int. on prin, 

interest upon interest 150.00 

$183.71+ Amt. 

2. On the same principle as in the last, what is due on a 
note for $525, bearing 6% interest, payable annually, the 
interest payments having been deferred 4 years? 

3. On the same principle, what is due on a $275 10% 
note, interest payable semi-annually, but deferred 3 yr. 8 mo. 
17 da.? 

4. As above, what is due on a $100 8% note, interest 
payable quarterly, but deferred 1 yr. ? 

5. As above, what is due on a note for $200, interest pay- 
able annually at 10%, but deferred 10 3'ears? 

In this there are 45 yr. interest on the interest for 1 yr. 

Find the amount due on the following sums at the respec- 
tive rates and times, the interest payable as indicated, but 
considered as deferred : — 

6. $350, 7%, annually, for 3 jt. 5 mo. 10 da. 

7. $820, 5%, semi-annuall}', for 3 yr. 9 mo. (See below.) 

8. $85.30, 6%, semi-annually, for 1 yr. 10 mo. 

9. $250, 4J%, annually, for 5 yr. 8 mo. 12 da. . 
10. $500, 10%, semi-annually, for 2 yr. 7 mo. 

The 7th gives 2^% interest on $20.50 for 6^ + 5^ -f- 4^ + 3J -f- 2j 
-f 1^ -f- i = 24^ periods of 6 mo. each; i.e., $12.56 as the interest on 
the interest. To this add the amount of the $820 at simple interest 
for the entire time, and we have $973.75 -f %\^.^=^%%^«^\ 
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PARTIAL PAYMENTS. 

« 

UnUed-8t€Ue8~Caurt Rule. 

360. It frequently' happens that a debtor does not pay his 
note all at one time. In such a case, whatever is paid at any 
time is indorsed (credited) on the back of the note, and is 
called a Partial Payxaent (or simply a payment) . 

There are s^eral methods in more or less general use for 
computing interest on such notes. There are, however, but 
three that are in general use ; viz., the one adopted by the 
U. S. Court and by most of the States, and that called the 
MerchanVs Mule, which is much used by business-men for 
short-time paper, and the Vermont Rule for notes bearing 
interest payable annually. 

The U. S, Court Rule is based on the two following prin- 
ciples : — 

1. The principal cannot be diminished untU the accrued 
interest is paid. 

2. Interest shall not draw interest. 

U. 8. Court Rule for Computing Interest on Notes on 
which I*arti€U Payments have been made. 

361. Rule. — I. Compute the Interest on the Principal 
from the date of the note to the time of the first payment. 
If this payment equals or exceeds this interest^ find the 
amount^ and subtract the payment. Treat this remainder cw 
a New Principal^ and proceed to the next payment. Continue 
the process till the time of settlement is reached. 

II. If any payment is less than the accrued interest^ add 
such payment to the next, and treat the sum as one payment 
made at the loiter date. 

1. $350. 

One day after date, for value received, I promise to pay 
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John Jay, or bearer^ three hundred and fift}' dollars ($350) , 
with interest at 7% per annum. 

RocHESTEB, N.Y., May 7, 1868. Amos Ames. 

On this note there were the following indorsements : — 

Sept. 17, 1870, $100; 
Feb. 10, 1872, $50. 
How much was due on the note Oct. 25, 1872 ? 




Interest at time of 1st payment 

As the payment ($100) exceeds this 
we find the amount . 
and subtract the payment . 
Neio Principal 

Interest on new principal at the time of the 2d payment 

As the payment ($50) exceeds this, we find the amount 

and subtract the payment 

2d New Principal 

Amount of this 2d new principal from date of last pay- 
ment to Oct. 25, 1872 . 



$57.85 

350.00 

$407.85 

100.00 

$307.85 

30.11 

$337.96 

50.00 

$287.96 

$302.24 



2. $475. Chicago, III., Sept. 14, 1869. 

On ^vly 12, 1875, for value received, I promise to pay 
Peter Price, or order, four hundred and sevent^^-five dollars 
($475), with interest at 6% per annum. 

James WnrrB, 

On this note were the following indorsements : — 
April 12, 1871, $25; Aug. 20, 1873, $150; 
Nov. 27, 1874, $100; May 1, 1875, $5. 

What remained due on this note Jul}'^ 12, 1875? 

Suggestions. — At the time of the 1st payment, the accrued inter- 
est was $44.97. If this be added to the principal, and the payment, 
$25, subtracted, part of this interest would be included in the New 
Principal, and hence interest would draw interest, and the 2d prin- 
ciple be violated. Hence we consider the 2d payment, made Aug. 
20, 1873, as $175, and compute the interest on the face of the note, 
$475, up to this date. 
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This is $112.10; and, the payments ($175) being greater than the 
accrued interest, we find the amount, $587.10, and deduct these pay- 
ments, leaving as a new principal $412.10. [N. B. — Each new prin- 
cipal must be less than the preceding, otherwise there will be interest 
on interest. | 

The amount of this new principal at the time of the 3d payment 
was $443.49; and as this payment, $100, was more than the accrued 
interest, $31.39, our 2d new principal is $343.49. 

Finally, it is evident, without careful computation, that the next 
payment, $5, over 5 mo. from the last, did not equal the interest 
then accrued. So we compute the interest on this 2d new principal, 
$843.49, to the time of settlement, and, finding the amount, deduct 
the $5. This leaves the amount due on the note $351.37. 

3. $504. Cleveland, O., June 10, 1869. 
On demand, for value received, I promise to pay Zenas 

White, or order, five hundred and four dollars ($504) , with 
interest at 6% per annum. J. A. King. 

On this note were the following indorsements z — 
Jan. 25, 1870, $84; May 15, 1870, $100; 
Feb. 20, 1871, $200. 

Wliat was due July 5, 1871 ? 

4. $450. Louisville, Ky., Jan. 1, 1865. 
Two years after date, for value received, I promise to pay 

to the order of James Jones four liundred and fifty dollars 
($450), with interest at 8^ per annum. 

Randall Wright. 

On the back of this note were the following indorse- 
ments : — 

March 16, 1865, $75; Jan. 1, 1860, $100; 
April 4, 1866, $200. 

What was due on the note Jan. 1, 1867? 

5. Date of note, March 11, 1870; face, $58.50; rate 'per 
cent, 10. PajTnents : June 5, 1871, $12 ; Nov. 23, 1873, $6 ; 
Aug. 7, 1874, $5; Dec. 18, 1874, $20; May 10, 1876, $5. 

How much remained due July \, l^T^? 
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6. On a note of $400, at 7%, there was paid $100 annuall}' 
for 3 3 ears. How much remained due 3 yr. 4 mo. from the 
date of the note ? 



MERCHANT'S RULE. 

362. It is a common practice with business-men to treat 
obligations maturing and settled in a 3^ear or less, and upon 
which payments have been made, according to the following 

Rule. — Find the amount of the principal from tJie date of 
the note to the time of settlement^ find the amount of each 
payment from the time it wa^ made to the time of settlement^ 
and subtract their sum from the first result, 

1. $250.60. Ann Abbob, July 7, 1876. 

For value received, T promise to pa}^ Stephen Beckwith, or 
order, two hundred and fift^- and ^^ dollars, April 15, 1877, 
with interest at 7%. Edward Snow. 

Indorsed Sept. 20, 1876, $80.00. 
" Jan. 1, 1877, $50.00. 
" Mar. 13, 1877, $50.00. 
What was the amount due April 15, 1877? 

Reckoning the time by the Banker's Method (i.e., using exact time 
and the common interest tables, but without grace), we have, .— 

Amount of note April 15, 1877, $264.34 , 

Amount of 1st payment, from Sept. 20 to April 15, $83.22 
" 2d " " Jan. 1 " 51.01 

« 3d " " March 13 " 50.32 



Total amount of payments, $184.55 

Balance due April 15, 1877, $79.79 

2. Date of note, Aug. 23, 1874 ; principal, $420 ; rate, 
10% ; nominal maturity, May 1, 1875. Indorsements : $100 
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Oct. 15, 1874; $200 Jan. 1, 1875. What was diie Ma}' 1, 
1875, reckoning the time bj' the Banker's Metliocl? 

3. $500. Richmond, Jan. 1, 1875. 
Ninety days after date, for value received, I promise to 

pay to the order of Frank H. Ransom five hundred dollars, 
with interest at 6%. John M. Sarin. 

Indorsements: Jan. 20, SlOO ; Feb. 10, $50; Feb. 25, 
$100; March 1, $150. 

What was due at maturit}' (353), Banker's Method? . 

4. $400. Buffalo, Jan. 1, 1874. 
One 3'ear after date, for value received, I promise to pay 

N. Stac}', or order, four hundred doIlai*s, witli interest at 
7%. M. M. DeYoung. 

Indorsements: March 16, 1874, $200; July 1, 1874, $100. 

What was due at maturity''? 

5. $700. Danbury, Feb. 17, 1874. 

Six months after date, for value received, I promise to pay 

John Gordon, or bearer, seven hundred dollars, with interest 

at 6%. 

Received on the above. Ma}' 10, 1874, $350. 

^' " '- June 25, 1874, $200. 

When did the note mature, and what was due? 



VERMONT RULE.* 

Partial Payments on Notes uHth *^ Annual Interest*^* 
363. When partial payments are made on notes, with 
Interest *' payable annually," at other times than those at 
which the annual interest falls due, the method usually 
adopted is as follows : — 

* The Old Vermont Rule^ which was in quite general use in the country half a 

century ago, was the same as the }ferchant*9 Rule, without limitation to " notes 

running a year or less.'* This rule, now known as the Vennont Rule, because first 

adopted by the courts of Vermont, has since been adopted by several other States, 

and ia the one commonly used in compuUng \T\\.eT«%l ou notes when the interest it 

payable annuaUy, and partial paymenU Vavc \j<itr. uva,<k. 
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Find the interest on the note for 1 year; and find also the 
amount of the payments made during the year^ from the 
times they were severally mude to tlie end of the year. 

If the payments amount to more than the interest dtte, take 
their amount from the amount of the note^ and make the 
remainder a new principal. 

But, if the amount of the payments does not equal the m- 
terest due, the principal remains uncJianged; and the amount 
of the payments is taken from the interest, the remainder 
being treated as deferred interest. 

Proceed in this manner with ea^h year till the time of settle- 
ment, the last period being that from the time the last aiimicU 
interest fell due to tlie time of settlement. 

(a) The times at which interest falls due, and to which interest 
on payments is reckoned, and at which the amounts of the payments 
are applied, are called Rests, Courts have allowed these rests to be 
made at Jan. 1 on such notes, instead of at the time at which annual 
interest fell due. In some cases, banks have been allowed to make 
these Rests quarterly. 

(6) In New Hampshibe, if a payment made on a note beai'ing 
interest payable annually is less than the interest then due, it is 
carried forward, and added to the next payment without interest^ and 
80 on till the sum does exceed the interest, or to the time of settle- 
ment, when it is deducted ; but when payments are made expressly 
on account of interest accruing, but not then due, they are applied 
when the interest falls due, toithout interest on so much of such pay- 
ments as is necessary to cover the interest accruing. 

Ex. 1. — On a 10% note for $600, with interest payable 
annuall}^ and dated June 12, 1873, there were the following 
indoraements: — 

June 12, 1874, $60 ; Dec. 5, 1874, $100 ; 

April 10, 1875, $50 ; Nov. 4, 1876, $30. 

What remained due Jan. 5, 1877, by the Vermont Rule? 
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Due June 12, 1874 $660.00 

Paid June 12, 1874 60.00 

Balance due June 12, 1874 $600.00 

Interest for 1 year 60.00 

Amount due June 12, 1875 $660.00 

Amount of two payments made during this year; i.e., $100 

for 189 da. and $50 for 63 da. ($150. 178 + $50,863) . . $156.041 

Balance due June 12, 1875 $503,959 

Interest on this for 1 year 50.396 

Amount on interest from June 12, 1876, to settlement Jan. 

5, 1877, 207 da. $554,355 

Interest on above for 207 da. 31.286 

Amount due Jan 5, 1677 . . . . , . . . $585,792 

Less amount of $30 payment for 62 da 30.51 

Balance due on settlement $555.28 

2. On a note for $1000, bearing 8% interest payable 
Unnually, and dated July 27, 1873, there were the following 
indorsements: Jan. 1, 1874, $50; Sept. 19, 1875, 150; 
July 27, 1876, $200 ; Feb. 3, 1877, $250. What was due 
Sept. 1, 1877? (Reckon calendar months.) 

$500. Concord, N.H., June 7, 1873. 

3. On demand, for value received, I promise to pay Enos 
Ames, or order, five hundred dollars, with interest at 6%, 
payable annually. Amos White, 

Indoi*sements : Feb. 10, 1874, $15 ; Aug. 15, 1874, $26 ; 
May 17, 1875, $150; Jan. 13, 1876, $20. What was due, 
reckoning calendar months, Oct. 18, 1876? What, if the 
payments were made '^ on interest accruing " ? 



USURY LAWS. 

364« Usury Laws are laws regulating the rate of interest, or 
manuer of I'eckouing it. 

365. Legal Interest. — Legal Interest is the rate per cent 
established by law as that which is to be implied in an interest- 
bearing obligation iu which the rate is uot specified. 
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In Louisiana the legal rate is 5%. 

In the N. E. States (except Conn.), N. C, Penn., Del., Md., Va., 
W. Va., Tenn., Ky., O., Mc, Miss., Ark., lo.. 111., Ind., 

the Dist. of Columbia, and debts due the Ujiited States . 6%. 

In N. Y., Conn., N. J., S. C, Ga., Mich., Minn., Kan., and Wis. 7%. 

In Ala., Fla., and Tex 8%. 

In Col., Neb., Nev., Ore., Cal., and Washington TeiTitory . 10%. 

In England and France 5%. 

In Canada, Nova Scotia, and Ireland 6%. 



366. Usuxy is a higher rate of interest than is lawful. Most 
of the States allow interest above the legal rate, when it is agreed 
npon between the paities and specified in the contract. Thus O. and 
La. and Mich, allow any rate up to 8%; 111., lo.. Miss., Wis., Mo., and 
Tenn., up to 10%; Minn, and Tex., up to 12%; Neb., 15%; Kan., 20%; 
Mass., R. I., Fla., Ai*k., Cal., Nev., Col., any rate agreed upon. 

Of course, in those States where pailies are prohibited from mak- 
ing a contract for more than a certain rate, Compound Interest is 
illegal, and cannot be collected at law. 

367. In computing interest or discount, " a year " is a calendar 
year, and '^ a month " a calendar month. To this there are no ex- 
ceptions in the States. Also, when years, months, and days are men- 
tioned in the contract, the days are reckoned as oOths of a month. 
But, in transactions with the General Government, the month unit is 
dropped, and the time is reckoned in years and days, the days being 
called 365ths of a year. In New York, when time is specified in days, 
the days are to be reckoned as 365ths of a year. 

368. Notes falling due on Sunday, or on a legal holiday, are in 
most of the States required to be paid on the preceding day. In 
Connecticut, if the day of maturity is a l^al holiday falling on Sun- 
day, the note is due on Monday. In Maine and Nebraska, if the day 
of maturity is a legal holiday falling on Monday, the note is payable 
on Tuesday; and in New York a note maturing on a legal holiday, or 
Monday observed as such holiday, is payable the following day. 

369. In the following States, simple interest can be collected on 
unpaid annual interest; viz., Michigan (same rate as bonie by the 
note), Ohio, Wisconsin, Vermont, New Hampshire, Iowa (6%). In 
Pennsylvania, Georgia, Illinois, and Indiana, by special contract 
(only). In Massachusetts such annual interest can be sued for when 
due; but no interest can be collected on it. 
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370. In Pennsylvania a note for 30 da. is disconnted at bank for 
34 da.; one tor 60 da., for 64 da.; one for 90 da., for M da. This 
practice comes from counting both the day on which the note is 
drawn and the day on which it falls due. In the ordinary practice, 
only one of these is counted. 



SECTION IV. 

DISCOUNT. 

371. Discount is a ffeneral term used bv business-men 



to signify any deduction made from a nominal price or value. 
There are three principal uses of the term ; as in what is 
called Commercial or Trade Discount^ Bank Discount^ and 
Ti'ue Discount, 

COMMERCIAL OR TRADE DISCOUNT. 

Ex. 1. — I asked a lx)okseller the price of a certain book. 
He answercd, '* The list price is Si 5; but I can allow j'ou 
a discount of 30%." Wliat did he ask me for the book? 

By a " discount of 30%," he meant 30% less that $15, 30% of $15 
is $4.50. Hence he proposed to sell me the hook for $15 — $4.50, or 
$10.50. The $4.50 may be called the Coiwnercial or Trade Discount. 

A slightly modified foim of Trade Discount is illustrated 
by the following example : — 

2. A Western shoe-merchant buys of a Boston dealer-, on 
60 da3's* time, the following bill : the underetanding being, 
that, if payment is made in 30 da., he shall have "2% off ; " 
and if in 10 da., 3% : — 

2 cases boots, $30 . . . 860.00 

3 cases '^ $96 . . . $288.00 
i case shoes, $90 . . . $45.00 

What amount will pay the bill in 10 da. ? What in 30 da. ? 
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The purpose of this arrangement is to make it for the interest of 
the purchaser to pay as soon as possible. Thus, in this case, if he 
does not pay till the expiration of the 60 da., he must pay the full 
amount of the bill, $393.00 ; but, if he pays within 10 days, he gets a 
discount of 3%, or $11.79,. having only $381.21 to pay. If he pays 
any time between 10 and 30 days, or ou the 30th, he gets 2% off (that 
is, $7.96), and has to pay $385.04. 

372. Gommercial or Trade Discount is a deduction 
from the nomincd price, or vaUie, of an article, or from the 
amount of a bill of purchase for pa^inent before it falls due. 

[For the solution of the following, the principles of Simple Per- 
centage are adequate. | 

3. Having bought a bill of goods amounting to $250 on 
90 days' credit, the tradesman says to me, " For cash I 
could discount yoxx 10% on this bill." What amount of 
money would pa}^ the bill now f 

4. A certain article is marked to sell at 25% advance on 
cost ; and tlie dealer gives me 10% off from retail price, and 
I paj^ S6.75 for it. What was the cost? 

5. I buy of A. T. Stewart & Co., on 4 mo. time, a bill of 
goods amounting to $500; the rule of the house being to 
allow 6% off if payment is made in 10 da., and 5% if made 
m 30 da. What amount will pay the bill in 10 da. ? What 
m 30 da. ? ^ 

6. I paid $2.20 for a book on which the bookseller allowed 
me 20% discount from the retail price. What was the 
retail price? 

7. What is saved by pacing a 60 da. bill for $1200, J in 
10 da. at 5% discount, and ^ in 20 da. at 4% discount? 
(Interest on the money not considered.) 

8. I buy goods for $350 on 30 da., and for $500 on 60 da., 
and pay the former in 10 da. with 3J% discount, and the lat- 
ter in 20 da. with 5 % discount. How much better is this 
than 10% ijer annum for my money for the time I anticipate 
the payments ? (Exact interest. ) 
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9. A dry-goods merchant, finding a piece of cloth which 
cost him $3.75 per yaiti somewhat damaged, offered it for 
sale at 10% discount. What did he ask per 3-ard for it? 

10. A merchant sold some damaged cloth at $3.37^ per 
yard, which was at a discount*of 10% from the cost. What 
was the cost per j'aiti ? 

11. A merchant sold cloth, which cost him $3.75 per jard, 
at $3.37 J. What per cent did he discount? 

12. What is the cash value of a bill amounting to $3750 
at 10% discount, and 2^% off for cash? 

By this is meant, that, for the usual time which the house allows 
credit, they will sell the purchaser a bill of goods of $3750, reckoned 
at the regular rates, for 10% off; but for cash down they will deduct 
2i% from this. 

13. What is the cash value of a bill of goods amounting 
to $2157.25 at 15% discount, and 3% off for cash? 



BANK DISCOUNT. 

Ex. 1. — John Smith desiring to borrow some money at a 
Bank^ they tell him that they can " accommodate " him, and 
are '-''discounting** at 8%. The}^ then furnish him a blank 
note, which, when filled out and signed, reads as follows : — 

$200. Ann Abbor, May 5, 1879. 

Sixt}' daj's after date I promise to pa}' to the order of 
James F. Royce two hundred dollars at the First National 
Bank, value received. John Smith. 

Mr. Smith's friend, Mr. Royce, then writes his name on the back 
of the note, and becomes his Indorser. The note is then taken to 
the bank by Mr. Smith; and they take it, and pay him $200, less the 
interest on $200 for 03 days at 8%; I.e., $200 — $2.80, or $197.20. 
The $197.20 is called the Proceeds, or AmUs; and the $2.80 is the 
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373. Bank Discount is interest paid in advance, and for 
3 da3's more tlian tlie nominal time. These 3 days are called 
Days of Grace. (See 852.) 

The above note " Matures^' (i.e., falls due) July 7, 1879, a3 days 
after date. If Mr. Smith does not pay it before the close of business- 
hours on that day, the bank sends Mr. Royco a notice called a *^Pro- 
tesV^ This notice states that Mr. Smith has failed to pay his note, 
and that the bank now holds Mr. Koyce responsible for it. This 
makes Mr. Royce liable, and he must pay the note if Mr Smith does not. 

2. April 29, 1879, wishing to raise a little mone}', I find I 
have a good note against Mr. E. Wright for $240, dated 
Jan. 10, 1879, bearing 10% interest, and due 6 mo. after 
date. I take this to the bank, and find that they will dis- 
count it for me at 8% if I will indorse it. I put m}' name 
on the back, and hand it in. How much money do I receive? 

Since Mr. Wright is not obliged to pay this note till 3 days after 
it is nominally due (i.e., until July 13), the bank will reckon interest 
on it to that date, and discount it accordingly. When it matures, the 
note will bring $252.20. The bank discount on this for the 75 da. 

from April 29 to July 13, at 8%, is -^ ^ °^ - = $420. Hence I 
^all receive $248. 

3. In many banks, as in those of New- York Cit}', bank 
discount is reckoned as Exact Interest in advance. In such 
a bank, what is the discount on a note of $5000 for ^'^/es 
da3's at 10% per annum? 

A note given at bank for 30 da. matures in 33, and the time is 
usually written '^/as- So, also, ^^/es da. means nominally due in 
60 da., but legally in 63. 

4. $175. Ann Arbor, Mich., Feb. 23, 1879. 
Sixty days after date I promise to pa}^ to the order of 

Jas. F. Royce one hundred and seventy-five dollars at the 
Ann-Arbor Savings Bank, for value received, with ten per 
cent interest after due. Edward Olney. 

This note, being indorsed by Mr. Eoyce, was discounted 
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at the savings bank on the day of its date. What were the 
proceeds ? 

5. I have a 7% note for S500, dated Jan. 25, 1874, and 
nominally due Dee. 10, 1875. J get it discounted at bank 
for 10% Sept. 6, 1875. What are the proceeds? 

6. April 1 , 1879, a merchant, being in need of ready money, 
finds that he has the three following notes : — 

(1) Mr. Brown's note for $350, bearing 7% interest, 
dated Feb 6, 1879, and due 4 mo. after date ; 

(2) Mr. Jones's note for $300, bearing 6% interest, 
dated March 1, 1879, and due 2 mo. after date ; and 

(3) Mr. Smith's note for $150, bearing 8% interest, 
dated March 12, 1879, and due 3 mo. after date. 

These being good notes, he indorses them (i.e., puts his 

name on the back of each), and, taking them to the bank, 

gets them discounted at 8%. How much ready money does 

he raise? 

In findnig the amount of a note in such a case, reckon calendar 
months, and any excess of days (with grace) as 3(jlhs of a month. In 
computing the discount, reckon the exact number of days (with grace), 
and call them 360ths of a year. This would be the common practice 
of banks. 

7. June 10, 1879, for value received, I promise to pay 
Enos White, or order, $320. 

Detroit, Jan. 5, 1879. John Ezra. 

By indorsing this note, Mr. White got it discounted at 
bank March 10, 1879, at 7%. What were the proceeds? 

Such a note does not draw interest. 

374. A Negotiable note is a note which the holder ma}^ 
sell to another person, who shall have legal power to collect 
it. The words '' or hearer '* make a note negotiable without 
indorsement. *'^ Or order ^^ requires indorsement. If no 
sucli phrase is contained, the note is not negotiable, either 
with or without indorsement. 
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8. $750. Boston, June 16, 1878. 
Nine months after date, for value received, I promise to 

pay Mary Smith, or order, seven hundred fifty dollars, with 

interest at 6 per cent. 

John E. Howe. 

What is the discount, at 6%, Oct. 24, 1878? 
How would this note be made negotiable ? 

9. $375. Chicago, III., Dec. 20, 1876. 
Sixty days after date, for value received, I promise to pay 

E. D. Bronson, or bearer, three hundred seventj'-five dollars, 
with interest at 10%, at the First National Bank, Chicago, 
III. S. Howard Blackwell. 

This note was discounted Jan. 23, 1877, at 10%. How 
was this note made negotiable ? What were the proceeds ? 

Technically and legally, such a note is negotiable without indorse- 
ment; but it is the custom of banks to require indorsement, the same 
as when drawn payable to "order." 

10. A note of $1400, dated July 19, 1877, due May 1, 

1878, with interest at 6%, and discounted Jan. 17, 1878, at 
10%. What were the proceeds ? 

11. A note of $2400, dated Oct. 16, 1877, due Jan. 1, 

1879, with interest at 8%, and discounted July 26, 1878, 
at 10%. What were the proceeds? 

12. Cleveland, Aug. 7, 1877. 
Four months after date, for value received, I promise to 

pay Mr. Elisha Jones five hundred dollars, with interest at 
8%. John Gorton. 

Mr. Jones, having written his name on the back of this 
note, sells it to Peter Dull, who, wishing to get it discounted, 
presents it at a bank Oct. 10, 1878. What are the avails? 

13. A note for $6000 was made May 10, 1868, pa3^able in 
six months with interest at 9%, and discounted at a bank in 
Michigan, Oct. 3, 1868, at 7%. What were the proceeds? 
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14. What is the bank discount on a note for $250 (Exact 
Int.) at 7% for eo/^^ da.? For 30/33 da.? At 10% for 
«o/^3da.? For 30/^3 da.? 



EXPEDITIOUS METHODS OF COMPUTING BANK DISCOUNT 

FOR 33, 63, AND 93 DAYS. 

[As most Bank Paper is made for one of these three times, the 
following simple and elegant methods are worth knowing.] 

875. General Method, — For 12 Per Cent. 

Calling 360 da. a year, to obtain the interest at 12% on 
any principal 

For 33 da., take ll-lOOOths of the principal. 
For 63 da., take 21-lOOOths of the principal. 
For 93 da., take 31-lOOOths of the principal. 

Demonstration. — For 12% for 38 da., letting P represent the 

principal, we have 

11 

3gx;^XP _ 11 ,p 

3^^X100 ""1000 
10 

The others are demonstrated in the same manner. 

Observe that to take tH? i^ ^^ multiply by 11, and remove the 
decimal point three places to the left. 

To multiply by 11, write the principal under itself, removing it one 
place to the left, and add ; to multiply by 21, write 2 times the princi- 
pal in the same way; to multiply by 31, write 3 times the principal in 
the same way. 

Ex. 1. — Find the interest on $5872 at 12% for 33 da., 
63 da., 93 da. 

$5 872 $5 872 $5 872 

58 72 117 44 176 16 



1^.59 lut for 33 da. $123.81 Int. for 68 da. $182.03 Int. for 03 dsL 
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376. For other Rates Per Cetvt than 12 • 

First find 12% as above. Then, 



For 6%, take i of 12%. 
For 7%, add i to 6%. 
For 8%, deduct ^ from 12%. 
For 9%, deduct J from 12%. 
For 10%, deduct ^ from 12%. 



Note. — When the principal is a round number of hundreds of 
dollars, 12% can be told at a glance. Thus 12% on $300 for 33 da. is 
$3.30; on $500, $5.50; on $700, $7.70, etc. Again: 12% on $300 for 
63 da. is $6.30; on $800, $16.80; on $700, $14.70, etc. For 93 da. 
12% on $200 is $6.20; on $100 is $3.10; on $400, $12.40. Thus it will 
be seen that for 33 da. the dollars in the discount are the hundreds 
of dollars in the principal; for 63 da., twice the hundreds; for 93 da., 
three times the hundreds, — the cents in each case being tlie principal 
with the right-hand dropped. 

2. Find the bank discount on $600 at 6% for 33 da. ; 
63 da. ; 93 da. 

$6.60 $ 12.60 $ 18.60 

$3.30 for 33 da. $6.30 for 63 da. $9.30 for 93 da. 

3. Find the bank discount on 8200 at 8% for 33 da.; 
63 da. ; 93 da. 

$2.20 $4.20 $6.20 

.73 1.40 2.07 

$1.47 for 33 da. $2.80 for 63 da. $4.13 for 93 da. 

4. Tell mental!}' the bank discount on $200 for 33 da. at 
12% ; 6% ; 7% ; 8% ; 9% ; 10%. Also for 63 da. For 
93 da. 

5. Compute as above the bank discount on $756.80 for 
33 da. at 12%. At 6% ; 7% ; 8% ; 9% ; 10%. Also for 
63 da. and for 93 da. 
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To find the Face of a Note to he made at Bank, in 
order to obtain a Given Sum as Proceeds, 

Ex. 1. — I wish to obtain $500 at bank for ^^/ea? and 
they are discounting at 10%. For what amount must I 
draw my note ? 

$1 face of note gives $1.00 — $.0175 = $0.0825 proceeds, since the 
interest on $1 for «®/e8 at 10% is $0.0175. Hence, to obtain $500, I 

$500 
must make my note for ^^ = $508.91. 

Pnoor. — If I make a note for $508.91 for •^/ea? the bank will 
deduct from the face of the note the Bank IHscountf which is the 
interest in advance. Now, the interest for $508.91 for ^^/es ^^' at 
10% is $508.78 X 1^ X -^ == $8.81. Hence the proceeds of such a 
note are $500. 

377. Rule. — Find the interest of $1 for the given rate 
and time {including 3 da. grace) ^ and, deducting this interest 
from $1^ divide the sum desired by the remainder. The 
quotient is the face of the note. 

[Reckon 360 da. a year.] 

2. For what must I draw my note in order to obtain $50 
at bank for ^^/gg da., when they are discounting at 88%? 
Give proof. 

3. For what must I draw my note at bank for ^^/gg da. 
in oi-der to obtain $1000, when the}* are discounting at 7% ? 
Give proof. 

4. What is the bank discount on a note for^^/^g da., 
which yields $2500 proceeds, at 9% ? 

5. In order to obtain $350 at- bank for ^^/gg da., what 
must be the face of m}^ note, discount being at 7% ? Wliat, 
to get $150 for »%3 da. at 10%? To get $750 for eo/^^ 
at 5%? 

6. I owe a bill for flour and feed amounting to $73.25, and 
give my note for 90 da. How must I draw it to cover the 
discount at 8%? 
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7. Sold a horse for $250, a carnage for 8175, and a set of 
harness for $120, and took the purchaser's note for 90 da., so 
as to cover the discount at 6 % . What was the face of the 
note ? 

8. Bought a bill of goods amounting to $2500 on 3 months' 
credit without interest. What should I be required to pay 
down, money being worth 10% ? 

9. A merchant buys a bill of goods, which he can have at 
eo/ea da. credit, for $2850, or for $2800 cash. He can bor- 
row at bank for 8%. Would it be better to do so? What 
would be the difference ? 

[Practically, banks do not use the above process. Were I in want 
of $300 for 60 da., and a bank was willing to *^ accommodate " me at 
8%, the cashier would see from his tables that the discount on $300 
would be $4.20, and would say, "Make your note for $305." The 
proceeds of this would be $300.73.] 



TRUE DISCOUNT. 

1. I have a note due 2 3'ears hence, which will bring me at 
that time $228. I wish to obtain the money on it now. 
What is it worth, the use of money being worth 7% per 
annum? 

The supposition is that the use of $1 for a year is worth to me 
$0.07, and for 2 years $0. 14. Hence every $1. 14 of the $228 due 2 years 
hence is worth to me $1 now. 228 ~ 1.14 = 200. Therefore the note 
is worth $200 noio. The $200 is called the Present Worth. $228 — 
$200, or $28, is the Discount To distinguish this from Bank Dis- 
count, it is usually called True Discount 

378. True Discount is a deduction made for the present 
payment of a sum of mone}" due at some future time. 

379. The Present Worth of a sum of money due at 
some future time is a sum which, put at interest at a rate 
agreed upon, will in the given time amount to the sum due. 
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2. I take a note for $300, bearing interest at 7%, and 
due 3^ years hence. What is its present worth, mone}'' 
being worth 10% ? 

Solution. — The amount of the note at maturity will be $373.50. 
Now, $1 at 10% will amount to $1.35 in the given time. Hence the 
Present Worth of said note is 373.50 -f- 1.35 = 276.66}, or $276.66}. 

Proof. — That this is just appears from the fact, that, if I retain 
the note, I shall get $.373.50 at the expiration of 3^ years ; while if I 
sell it for $276.66}, and the money is worth lt)% to me, I shall realize 
the wnount of $276.66} at 10% for 3^ years, or $373.50. 

3. I take a note for $300, bearing interest at 10%, due 
3^ 3^ears hence. What is its present worth, money being 
worth 7% ? 

The amount due on the note at the end of the time will be $405. 
But, as money is now worth only 7%, $1 in hand now will amount to 
$1,245 in the 3^ years. Hence the present worth is 405 -r- 1.245. 

That this note is worth more than its face ($300) is evident, since 
It is drawing a higher rate of interest than money is now worth. 

380. The Fa«ce of a Note is commonly understood to be the 
principal, or that portion of the principal which is unpaid. Some, 
however, use the phrase as signifying what is due at the time; while 
others use it as signifying the Amount of the Note at Maturity,^ 

381. When the T'i^e Present Worth of a note exceeds 
the face of the note, this excess is called Premium. 

382. The difference between the nominal present value 
(as the face of a note) and the True Present WoHh is the 
True Discount, or Premium, as the case may be. 



To find tfie Present Worth of a Sum of Money due at 

some Future Titne, 

383. Rule. — Divide the sum due at the future date by 
the amount of $1 at the rate agreed upon for the time from 
which it is proposed to discount the sum till the time said sum 
is due. Tlie quotient is the Present Worth. 

I find no authority in the books tot ativ V\i\T\s\i\x\.>i\\<i ^wm<it. — Author. 
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4. What is the true present worth of the following note, 
May 13, 1879, discountefl at 8% ? 

$276. Grand Rapids, Mich., Ang. 7, 1877. 

For value received I promise to pay er White, or order, 
Dec. 10, 1879, two hundred seventy-six dollars, with interest 
at 6%. Petkr Dull. 

5. I have a 7% note for $186.50, dated Feb. 7, 1876, and 
due Sept. 20, 1879. What is its trae present worth July 
17, 1878, discounting at 10%? 

6. Jan. 14, 1878, a speculator offered me $300 for a note 
of $350, dated May 7, 1877, payable Oct. 21, 1879, and 
bearing 6% interest, money being worth 10%. Did he offer 
me the full value of the note? 

7. 1 have a 10% note for $280, dated Sept. 17, 1876, and 
due Feb. 6, 1879. May 23, 1878, Mr. C. proposes to buy 
it of me, discounting at 8%. What must he pay me ? 

8. Mr. C. gives me his note for $300, due 2 yr. hence, at 
10%, and I sell it to Mr. B. the same day at 8% discount. 
What does B. pay me? 

Why is this note worth more than its face ? 

9. Mr. C. gives me his note for $300, due 2 yr. hence, at 
8%, and I sell it the same day to Mr. B. at 10% discount. 
What does B. pa}- me? 

Why is this note worth less than its face ? 

10. Mr. C. gives me his note for $300, due 3 3T. hence, at 
10% interest, which is all that monc}' is worth. What is the 
present worth of the note on the day it is made? One year 
afler its date, what is its present worth? Two and one-half 
3'eai's afler date ? 

11. Mr. C. gives me his note for $300, due 3 yr. hence, 
without interest. What is it worth on the day it is given, 
money being worth 10%? What 1 yr. after date? What 
2^ yr. after date ? What 3 yr. after date ? 
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12. A merchant ]>ought goods amounting to $4200 on a 
credit of 6 months, without interest. Wliat sum in ready 
money would discharge the debt, monej^ being worth 8% per 
annum? 

13. A note, $52.25, dated Sept. 12, 1872, and bearing 
10% interest, will be paid Jan. 1, 1879. What is it worth 
July 1, 1877, money being worth 6% ? 

14. Having bought a bill of goods amounting to $250 on 
90 daj's' credit, the tradesman says to me, " For cash I could 
discount you 10% on this bill." What amount of money 
would pay the bill noio ? 

15. Bought goods to the amount of $840.40 on 4 mo. 
credit, without interest. How much money would discliarge 
the debt at the time of receiving the goods, discounting at 
8% per annum? 

16. July 1, 1878, I discount at 8% a 7% note for $275, 
dated Oct. 15, 1877, and due Jan. 12, 1880. What is the 
present worth ? 

17. April 10, 1879, 1 wish to raise some money, and find 
I have the three following notes : — 

A 6% note for $225, dated Aug. 7, 1878, due Jan. 1, 1880 ; 
A 7% note for $156, dated Nov. 1, 1877, due May 3, 1880 ; 
A 7% note for $200, dated Feb. 3, 1878, due Oct.^ 14, 1878. 
A Mend is willing to buy the notes at 8% discount. How 
much money can I raise on them? 
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SECTION V. 

GOVERNMENT BONDS. 

384. The Bond of a coq)oiation is its certificate of in- 
debtedness, signed by the proper officers, and given under 
the corporate seal. 

Such bonds are the notes of railroad, manufacturing, or other cor- 
porations, and are usually secured by mortgage upon their property. 
These bonds, like other notes, are made payable at a certain time, and 
bear a specified rate of interest. The bonds of a coi-poratlon are usu- 
ally considered a surer investment than the stocks, since dividendit on 
the latter are made only wheu the business receipts exceed tlio 
expenditures; whereas the interest on the former is due at the times 
named, whether there be profits in the business or not, and, when the 
bonds are secured by mortgage, the mortgage may be foreclosed like 
other mortgages. Nevertheless, in some very lucrative business, the 
stocks may be more valuable than the bonds. 

385. Government Bonds are certificates of indebted- 
ness issued by the government ; as by the United-States or 
State government, by a county, city, school-district, or other 
government corporation. 

Such bonds are usually made payable at a certain time, and bear a 
specified rate of interest. 

The occasions for these bonds are such as the following: When a 
school-district wishes to build a fine house, but does not want to in- 
crease the taxes sufficiently to pay for it in a single year, but prefers to 
distribute the payment over several years ; and, in like manner, when 
a county or state is called upon to expend more money than it is 
deemed expedient to raise by immediate taxation. But the fruitful 
cause of such government indebtedness is loar. In consequence of 
our late war, the Indebtedness of the United-States Government ran 
up from $88,995,810 in 1861 to $2,639,382,572 in 1867. In Uke man- 
ner, England and France have accumulated enormous debts. 

386. English Consols are government stocks. Rentes* 
are French government stocks. 

' Pronounced " rahnts." In strict language, the term Rentes applies only to the 
interest; tlie principal —the dcht itslf — being called Nominal CapUaL 
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(a) English Consols are properly but perpetual 3% annuities, as 
the principal of the debt is not presumed to be payable. The con- 
solidated debt of England is £731,413,523. The term Consols is 
applied also to certain United-States bonds. 

{b) The principal part of the United-States interest-bearing debt 
in the market April 1, 1879, was,* — 

58 of 81 $508,440,350 

6s of 81 264,321,350 

4j8 (1801) 250,000,000 

4s (1901) 656,467,950 

(e) "5s of 81 " means government bonds, which bear 5% interest, 
payable quarterly on Feb. 1, May 1, Aug. 1, and Nov. 1. 

\d) "6s of 81" are 6% bonds, interest payable semi-annually on 
Jan. 1 and July 1. 

Both of these classes of bonds are redeemable by the government 
in 1881, — the former May 1, and the latter June 30. Ko doubt the 
government will be ready to redeem them then, and interest on them 
will cease. There ai*e also about 18^ million 6s of 80, which mature 
Dec. 31, 1880. 

In this statement nothing is said of the old 10-408 and 5-20s, since 
the interest on the last of these expires July 1, 1879, and the govern- 
ment has already made ample provision for redeeming them. The 
total interest-bearing debt of the United States, April 1, 1879, includ- 
ing these outstanding 10-40s and 5-20s, was $1,968,962,800. This in- 
cludes the 356 millions of 10-40s and 5-20s, and also the 4% which 
have been sold to i*edeem them. Hence our interest-bearing debt, 
after July 1, 1879, will be about $1,600,000. 

(c) The 4^8 bear 4^% interest, payable quarterly March 1, June 1, 
Sept. 1, and Dec. 1, and are redeemable Sept. 1, 1891. 

(/) The 4s bear 4% interest, payable quarterly Jan. 1, April 1, 
July Ij Oct. 1, and are redeemable July 1, 1907. 

387. A Coupon is a certificate of interest attached to a 

V 

bond, which, on the payment of the interest, is cut off, and 
delivered to the pa3'or. 

1 The figrares given above are fk'om the official report of treasury April, 1879; bat 
the immense sales of 4% daring April and May make the 4s in the market now 
fidajr 20) nearer 800 million. 
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Stocks and bonds are bought and sold in the market jnst as wheat 
or cotton, and the' prices fluctuate according to prosperity of business, 
the plenty or scarcity of money, and many other circumstances. 

United-States bonds are of two classes, — Registered and Coupon. 
Registered bonds have to be indoraed by the owner when he sells 
them; and the government keeps an account of such transfers, and 
hence can at any time tell who owns a particular bond. The owner 
of a Coupon bond may lose it, or it may be stolen ; and the pei*sou who 
has it in possession can collect the intei*est, or sell the bond. But 
registered bonds are not liable to such contingencies. Tet the im- 
practicability of making transfer! of re.gistered 1)onds in foreign 
countries confines transactions abroiid to coupon bonds. 

388. Paoific Railroad Bonds arc the bonds of these 
corporations guaranteed by the United States. Of these 
there are $64,623,512 in the market, bearing 6% interest, 
which is paid by the United-States Government. These are 
not reckoned a part of the United-States debt, since the 
government holds the first-mortgage bonds on the entire 
property of the companies to secure the payment. 

389. Quotations are the statements made from day to 
day in the newspapers, gixing the rates at which exchange, 
stocks, bonds, etc., are being bought and sold in the money 
market. 

"Interest to buyer" means that the buyer has the advantage of 
whatever interest has accrued at the time of purchase. Thus, if I 
buy a $100 bond, "6s of 81," quoted at 106J (which means $106.50 
for a $100 bond), and there has accrued $2.10 interest on that bond 
at the time of my purchase, the bond really costs me $106.50 — $2.10, 
or $104.40. But if I buy a Michigan 7% bond for $100, quoted " 112, 
interest to seller," 4 mo. after the interest was paid (i.e., when 4 mo. 
interest has accrued), it costs me $112 -|- i of $7, or $114.33}, since I 
have to pay to the seller the accrued interest. 

Government bonds are always sold "interest to buyer." Other 
bonds are sometimes quoted "interest to seller;" which means that 
they are selling at the quotation phis the accrued interest at the time 
of sale. 
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390. Examples, 

[We give examples showing how to find the cost of bonds, and 
what rate per cent an investment will yield. These are the two 
most important pFoblems, and are solved by principles already made 
familiar. | 

1. What cost a $500 United-States bond, 6s of 81, at 
116^? 

2. What cost a $1000 Tennessee 6% bond (old), quoted 
34i? 

3. United-States 6s of 81 are to-day (May 20, 1879) 
quoted at 107. What will a $500 bond cost me? 

The quotation means that $100 of bond costs $107: but on this 
there is acciiied (May 20) interest since Jan. 1 (see 386, c2); i.e., for 
139 da. 6% on $100 for 139 da. is $2.29. This interest I shall receive 
July. Hence the bond actually costs me $107 — $2.29 = $104.71, say- 
ing nothing of the discount on the $2.29 from this time to July 1. 
The $500 bond, therefore, will actually stand me in $523.55, though 
really I pay at the purchase $535. 

4. United-States 5s of 81 are quoted to-day (May 20, 
1879) at 103|. What will a $1000 bond cost me exclusive 
of the interest accrued? (See 386, c.) 

5. What will a $500 bond, Michigan 7s (war bounty loan) , 
quoted at " 112, interest to seller," cost me 2 mo. 10 da. 
after the interest has been paid? 

At " 112" the bond will cost 5 X $112 =$560; and, as the interest 
accrued goes to the seller, I shall have to pay 2 mo. 10 da. interest on 
$500 at 7%, or $6.81 in addition. 

On transactions in United-States bonds reckon the exact number 
of days as 365ths of a year. On State bonds reckon calendar months, 
and days as 30ths of a month. 

6. Wlien Erie consolidated 7s are quoted " lllj, interest 
to seller," 3 mo. after pajment of interest, what does a $100 
bond cost? 
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7. When District-of-Columbia 3-65s are quoted ^^861^ in- 
terest to seller," with 2^ mo. accrued interest, what cost a 
$1000 bond? 

3-65s means bonds that bear 3j%% interest; i.e., a $100 bond 
bears interest at 1^ per day, all years being reckoned as having 365 da. 

8. When United-States 4s are quoted at 102|, with 1 mo. 
18 da. accrued interest, what shall I pay for a $1000 bond? 
What is the actual cost exclusive of accrued interest ? 

9. When United-States 4Js are quoted at 107, with 2 mo. 
22 da. accrued interest, what is the actual cost of a $500 
bond ? 

Interest and brokerage are always reckoned on the face of a bond 
or stock certificate. 

10. I buy through a broker, who charges me ^ % for buy- 
ing, $2500 United-States 4s, quoted 102^. What amount do 
I pay? What is the net cost of the bonds above accrued 
interest, if the purchase is made May 25? (See 386,/.) 

11. If I buy Bay-City 8s, quoted at 111, 6 mo. after their 
date, interest to seller, and pa}'' my broker ^%, what do 
$5000 in bonds cost me? 

As there is 6 mo. accrued interest, which I have to pay to the 
seller, I pay for $100 in bonds $111 + the interest for 6 mo. at 8%+ 
20^ for brokerage. 

12. What do I pay for $1000 United-Statues 5s of 81, April 
15, the quotation being 103|, and brokerage -iV%? What 
do the bonds stand me in, exclusive of accrued interest at 
time of purchase ? 



13. If I buy a $500 7^% county bond 9 mo. after its date 
at 105, interest to seller, what do I pay for the bond? What 
l)er cent does my investment yield ? 
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I pay $553,125 for the bond, and it yields me $35 interest per year. 
The question then is, What per cent of $553,125 is $35 ? 

14. In " The New-York Independent " Fisk & Hatch say, 
under date of May 1, 1879, that an investment in 6s of 81, 
which mature Dec. 31, 1880, and are selling at 106^^, will 
barely pay 3% on the fnvestment. How do they make it 
out? 

Suppose I huy a $100 bond. I pay for it $106.50. On this I get $3 
interest July 1, 1879; $3 Jan. 1, 1880; $3 July 1, 1880; and $3 Jan. 1, 
1881. At this time the interest ceases, and tlie bond is worth exactly 
$100. I then have $112 1 for my nivestment of $106.50 for 1 yr. 
8 mo.; i.e., from May 1, 1879, to Jan. 1, 1881. The interest on the 
$106.50 is, therefore, $112.00 — $106.50 = $5.50. Now, at 1 % , $106.50 
yields in 1 yr. 8 mo. $1,775. Hence $5.50 is 5.60 -^ 1.775, or 3.1 times 
1%, or 3.1% nearly, 

15. What per cent on the investment do 6s at 95, interest 
pa3'able annually, 3'ield, if bought 3 mo. after the papnent 
of tlie interest, interest to seller ? 

Compute on a $100 bond in all such questions. In this case such 
a bond costs $96.50. The question then is. What per cent on $96.50 
is $6 ? In such computations the bond is supposed to run indefinitely, 
so that no note is taken of the fact that for the first year the invest- 
ment yields its first interest only 9 mo. after it is made. 

16. Considered as a permanent investment, what per cent 
on m}' money do 4% bonds, bought at 103^, yield me? 

17. Which is the better investment, — United-States 4Js 
bought at 104J with 2 mo. accrued interest, or State 7s 
with 5 mo. accrued interest, bought at 107, interest to seller, 
considering each as a permanent investment, and taking no 
notice of the semi-annual payment of interest ? 



1 An exact analysis requires that we take account of the interest on the three pay- 
ments made before Jan. 1, 1881. Compounding this each six months at 6%, and also 
compounding the interest on $106.50 in the same way, we get a little le89 than 9%. 
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SECTION VI. 
EXCHANGE. 

891. A merchant in Detroit wishes to pay a debt of $2500 In New 
York. He may send the money by a friend, by mail, or by express ; 
but the most common and most convenient way is to step into a bank 
in Detroit, and, paying in his $2500 with a small percentage for their 
trouble, get the Detroit bank's order on a New- York bank for the 
$2500. This order, called a Brajt, the Detroit merchant can send to 
his creditor in New York, who, by stepping into the New- York bank 
to which the order is addressed, will get his $2500. 

A similar order given by a bank in this country upon a foreign 
hank, as one In London, Eng., is called a BUI qf Exchange, 

392. Exchange is a method of making pa3^ments in 
distant places by the use of Drafts^ or Bills of Exchange^ 
without the direct transmission of mone3\ 

When the exchange is between places in the same country, it is 
called Inland or Domestic Exchange; and when between places in 
foreign countries, it is called Foreign Exchange, Hence a Draft is a 
Domestic Bill of Exchange, 

393. A Draft, or Bill of Exchange, is a written order 
for money, drawn in one place, and payable in another. 

394. A Bank is a company authorized by law to issue 
paper mone}^ receive deposits, deal in exchange, loan 
mone}^ or buy and sell coin, bonds, stocks, etc. 

Some banks make it their chief business to loan money, others to 
deal in exchange, others to receive deposits : while comparatively few 
are banks of issue ; that is, issue paper currency. 
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DOMESTIC EXCHANGE. 

395. [Forms of Drafts.] 

First National Bank of Detroit, 
$2500. Detroit, Mich., Feb. 29, 1876. 

At sight, pay to the order of Newcomb, Endicott, & Go. 
Twenty-five Hundred Dollars. 

Schuyler Grant, Cashier. 
To the Ninth National Bank, } 
New York, N.Y. ) 

See introductory note to the subject of Exchange. Newcomb, 
Endicott, & Co. are the merchants in Detroit who wish to pay $2500 
to their creditor, John Smith, in New York. Having obtained this 
draft, they write on the back of it, " Pay to the order of John Smith," 
signing this order, ** Newcomb, Endicott, & Co." When Mr. Smith 
in New York receives the draft, he takes it to the Ninth National 
Bank, and, writing his own name on the back, receives the money. 

$3500. Detroit, Mich., Feb. 29, 1876. 

At ten daj's' sight, pa}' to the order of Sheldon & Co. 
Thirty-five Hundred Dollars, value received, and charge 
the same to the account of E. B. Smith & Co. 

To the Twelfth National Bank, ) 
New York. ) 

The first form of draft is of a draft drawn by one bank upon 
anotlier: the second is a draft drawn by a bookseller's firm upon a 
bank. E^ch supposes that the party in Detroit has an account with 
the bank in New York, and has money in the bank. 

ObseiTe that the first above is a Sight Draft ; i.e., it is to be paid 
as soon as presented to the bank in New York. The second is a Time 
Draft, and is not payable till ten days after presentation. It should 
be presented as soon as received, when the cashier writes on it 
" Accepted," giving the date of acceptance, and signing his name as 
cashier. This makes the bank liable for it, and is an agi-eement to 
pay it after ten days. If no time is specified when a draft is to be 
paid, it is payable at sight. Drafts are also made payable a certain 
tjnie after date. 
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Ex. 1. — Suppose New- York exchange is at a premium of 
•j\j% in Detroit, how much will Newcomb, Endicott, & Co. 
have to pa}* for the above draft? 

Such exchange is generally at a slight premium in Detroit, since 
Detroit merchants and other business-men want much more New- 
York exchange than New- York business-men want of Detroit. This 
requires that Detroit banks should actually send money to the banks 
in New York, whereas there will be no need of New- York banks 
sending money to Detroit banks. Thus, if the trade between two 
places is equal, exchange between them should be about at par; but, 
when there is much inequality, exchange on the other place will be 
at a premium at the place which buys more than it sells, and at a 
discount at the place which sells more than it buys. Thus, there 
being comparatively little demand in New York for drafts on Detroit, 
such drafts will be at a slight discount. 

In consequence of the above facts, if a New- York house wishes to 
pay a debt in a small Western place, they send to their creditor their 
check (order) upon a bank in New York, or a certificate of deposit. 
This will be at par m the Western place, and perhaps a little above. 

2. What would A. T. Stewart's sight draft on the 
Twentieth National Bank, N.Y., for $1500, be worth in 
Niles, Mich., at i^% premium? 

3. W^hat will a sight draft for $1825 on New Orleans sell 
for in New York at a discount of g^j % ? 

4. What vnll it cost a New- York merchant to pay a New- 
Orleans debt of $250Q, New- York exchange being at j\y% 
premium in New Orleans ? 

Every $1 face of draft will be worth $1,001 in New Orleans. 

5. A New-York merchant sends his creditor in New 
Orleans a sight draft for $2497.50. New- York exchange 
being at 1^5% premium in New Orleans, what will the New- 
Orleans man receive for the draft? 

6. What will it cost me in Philadelphia to pa}^ $1500 in 
St. Louis, Philadelphia exchange being at J% premium in 
St. Louis? In what wa}^ would I make the remittance? 
See 2d paragraph under Ex. 1. 
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7. Being in Omaha, I receive a draft on a New- York 
bank for $3000. New-York exchange being at j % premium 
in Omaha, what shall I receive for it ? 



8. What is a $1200 St. Louis draft at 30/33 ^^' ^^ ^^w 
York worth, New- York exchange being at 101, and the time 
discount being at 3% ? 

The nature of this transaction is, that a man in St. Louis buys at 
a bank there a draft on New York for $1200. Since New- York ex- 
change is at 101 (i.e., at 1% premium), if his draft were a sight draft 
it would cost him $1200 X 1.01 = $1212. But, inasmuch as the bank 
in New York will not have to pay the draft till '^^/jg da. after its 
date, they will not charge the St. Louis bank with it till they pay it. 
Hence the St. Louis bank will have the use of the money ^^/ss da, 
before it will be charged to them in New York; i.e., before they have 
to pay it. Therefore they allow 3 % discount on the face of the draft 
for the use of the money. 3 % of $1200 for ^ ^/g g da. is $3.25. Hence 
the purchaser of the draft pays $1212 — $3.25, or $1208.75, or $1208.77 
including stamp. 

9. A merchant in Boston wishes to pay $980 in Milwaukee. 
Required the cost of a draft, pa3'able in 60 daj^s, exchange 
being at 1J% discount, the bank or time discount being 

4%. 

The nature of this transaction is as follows : — 

The Boston merchant steps into a bank, and buys a draft on a Mil- 
waukee bank. Milwaukee exchange being at discount in Boston, a 
sight draft for $980 could be bought for $980 less lf% of $980, or for 
$962.85. But as the Boston bank will have the money ^ o/e g da. before 
it will be charged to them by the Milwaukee bank, and as the Boston 
merchant will have paid the money 8 0/^^ <ia. before his creditor in 
Milwaukee receives it, it is but right that the Boston bank should 
allow the merchant for the use of the money. Hence they allow him 
4% on $980 for the «o/6gda.; i.e., $6,766. This, deducted from $962.85, 
leaves $956,084; and, adding the 2/ for the stamp, the cost of the 
djaft is $956.10+. 
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The justice of such an arrangement will appear very clearly if we 
suppose that the debt in Milwaukee is drawing interest. Now, no 
interest will be stopped until ^^/es d&> after the debtor has paid his 
money: hence the party which has the money these 63 days should 
pay interest on it. 

10. Exchange at 2^ premium, and time discount at 5 9^, 
what is the cost of $1 exchange on draft for ^^/gg days? 
Then what of a draft for $750? For a draft for $85.50? 

11. Exchange at 1^% discount, and time discount at 4^, 
what is the cost of $1 exchange on draft for ^^/eg da.? 
Then what of a draft for $500 ? For $184.25 ? 

12. Exchange being at 101} (that is, 1|% premium), and 
time discount at 5%, what ^ of its face is the cost of a 
30/33 da- draft? Of a ^^/^^da,.? Of a ^Vss da.? Of 
a 10 da.? 

13. Exchange being at 98^ i^i% discount), and time 
discount at 4|%, what per cent of its face is the cost of a 
30/33 da. draft? OfaCVsada.? Ofa^Vsa^a.? Of a 
10 da. ? 



396. FOREIGN EXCHANGE. 

1. James Howell, a young man from Chicago, is travelling 
in England, and his father, Thomas Howell, wishes to send 
to him in London $1000. How will he effect it? and what 
amount in English currency will the son receive, sterling 
exchange being quoted at 4.89 sight? (See 202.) 

397. Mr. Howell will receive from the hank tJuree hills of ex- 
change (orders on the London bank) of the following form: — 

£204 108. Chicago, III., March 7, 1876. 

At sight of this First of Exchange (Second and Third of same 
date and tenor unpaid), pay to the order of James Howell Two hun- 
dred and four pounds and ten shUUngs sterlinQf value received, and 

charge the same to 

Bbown, Gale, & Co. 
To SuNDEBLAND <& HATCH, London, 
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The other two bills will be exactly like this, except that in the 
second the word Second will be used where First is in this, and the 
parenthesis will read, "First and Third* of same date," etc. The 
third will read, "Thebd of exchange (First and Second of same 
date)," etc. 

The object of this arrangement is that the three bills may be sent 
by different mails ; and thus, if one is lost, the remittance will not fail. 
Of course, when one has been received and paid, the others are void. 

2. Sterling exchange is quoted to-day (May 23, 1879), 60 
days, 4.87J ; sight, 4.89 (see 202) . What will it cost me to 
pay in London, Aug. 1 , a bill of £325 ? What to pay it 
June 1 ? What will be the manner of doing the business ? 

3. I wish to send to a friend in Paris $500. Exchange 
being quoted 5.15f (see 202), for what will the bill of ex- 
change be drawn ? 

4. I wish to send my correspondent in Berlin 1000 marks. 
The quotation being 95^ (see 202), what will the bill of 
exchange cost me ? 



SECTION VII. 



GENERAL PROBLEMS IN SIMPLE INTEREST. 

[Or Percentage involving the Element of Time. ] 

398. As in Simple Percentage (308), so here, there are 
two general methods of treating the subject; viz., by ana- 
lyzing each problem on its own merits, or by the use of 
speci9.1 rules or formulas. 

399. Solution by Analysis. — Aside from the ordinary 
rules for finding interest^ or percentage, and amount^ all that 
is needed is, when any other element than interest or amount 
is required. Find the effect produced under the given condi- 
tions by 1 of the thing required, and compare this with the 

given effect. 
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400. Solution by Formulas. — Letting P stand for prin- 
cipal, r for rate, t for time, I for interest, or percentage, 
and A for amount, we have, by (347), the two 

Fundamental Formulas. 

(1.) PxrXt = I; 
(2.) P(l + rXt)=A. 

The second is obtained by remembering that P + 1 = A, and since 
I = p><:rXt, P + PXrXt = A, orP(l + rXt)=A. 

[These formulas are given, in order that teachers having the desire 
may explain them fully, and use them. We propose to solve the prob- 
lems by analysis.] 

401 • ^xampies. 

1. Principal $576, rate per cent 6, time 2 jt. 3 mo. 
What is the interest? 

This is the ordinary problem in simple interest, and may be solved 
in any of the ways already given. 

2. Principal $576, interest $77.76, time 2 yr. 3 mo. 
What is the rate per cent ? 

The thing required is rate per cent Hence we find what interest 
would be yielded at 1% in the given time, and compare this with the 
given interest. 

Analysis. —At 1% for 2 jrr. 3 mo. the interest on $576 is $12.96. 
But $77.76 is 6 times $12.96, which we learn by dividing $77.66 by 
$12.96. Hence, as the principal yields 6 times the interest it would 
at 1%, the rate per cent is 6. 

3. Principal $576, interest $77.76, rate percent 6. What 
is the time ? 

The thing required is time. Hence we find what interest would be 
yielded in 1 yr. at the given rate, and compare this with the given 
interest. 

Analysis. — In 1 yr., at 6%, $576 yields $34.56 interest. Hence it 
requires as many years to yield $77.76 as $34.56 is contained times in* 
$77.76; i.e., 2j years, or 2 yr. 3 mo. 

4. Interest $77.76, rate per cent 6, time 2 yr. S \jQa. 
What is the principal? 
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The thing required is principal^ etc. 

Analysis. $1 principal yields $0,135 interest in 2 yr. 3 mo. at w/^. 
Now, to yield $77.76 requires as many dollars principal as $0,135 is 
contained times in $77.76, which is 576. Hence the principal is $576. 

5. Amount «102.81 at 10% for 3 yr. 9 mo. 18 da. What 
is the principal? 

Analysis. — $1 principal at 10% for 3| years yields $1.38 amount. 
Now, to yield $102.81 requires as many dollars principal as $1.38 is 
contained times in $102.81. 102.81 — 1.38 = 74.50. Hence the prin- 
cipal is $74.50. [This is the ordinary problem in common discount. 
See 3S3.] 

6. Amount $102.81, on $74.50 at 10%. What is the 
time? 

The interest is $102.81 — $74.50 = $28.31, the given effect The 
thing required is time. The interest on the principal ($74.50) for 
1 yr. at 10% is the effect produced by 1 of this kind. 

7. Amount $102.81, on $74.50 for 3 3T. 9 mo. 18 da. 
What is the rate per cent? Same as Ex. 9. 

8. At what per cent will $75 yield $28,125 in 6 yr. 3 mo.? 
At what % will it j'ield $15.30 in 2 yr. ? 

9. How long does it take $750 to amount to $942 at 6% ? 
How long at 5% ? At 3% ? 

10. What principal fields $150 at 4% in 7 yr. 2 mo. 15 
da. ? In 3 jt. ? In 5 J jt. ? 

11. In what time will $120 3'ield $16.56 interest at 6% ? 

12. If $584 in 2 3T. 8 mo. 7 da. yield $94,121 J, what is 
the %? 

13. I wish to obtain $150 at bank for eo/^^ at 10%. For 
wliat amount must I make my note ? 

The thing inquired about is the Face of my Note, Now, as the 
interest of $1 for ^^/es da. at 10% is $.01726, $1 face of note will 
yield $1 — $.01726, or $.98274. The effect to he produced is $150. 
Hence $150 -^ .98274 = $152.63, the face of the note. 

14. For what must I make my note in order to get at bank 
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$350 for ^°/3 3 dd,. when thej'' are discounting at 8% ? What 
to obtain the same sum at the same rate for ^^/g 3? For 

90/ V 
/93 • 

15. I receive $495.50 for my note at ^^/gg da. at bank 
when they are discounting at 10%. What is the face of the 
note ? 

16. 1 receive at bank $122.90 for my note of $125 at 
3^/33 da. What is the rate per cent of discount? 

17. My annual income is $1500 from stocks, which jield 
7%. What amount of stocks do I hold? 

18. I have 4% bonds, which yield me $500 quarterly. 
What amount of bonds do I hold ? 

19. What amount of United-States 5s of 81 must a man 
have to yield an income of $400 per quarter ? 

20. What amount of United-States 4s must I have to 
}ield me $600 quarterly? 




Se^ 
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CHAPTER VI. 



RATIO. 

403. Ratio is the quotient of one number divided by 
another. 

Thus the ratio of 12 to 4 is 12-^4, or 3. The ratio of 5 to 7 is 
5-^7, orf 

Note. — If the numbers are concrete, they must be of the same 
kind, since we cannot divide one concrete number by another of a 
different kind. Thus the ratio of $10 to $5 is 2; but to ask, " What 
is the ratio of $10 to 5 miles ? " is absurd. 

403. The first number named is called the Antecedent, 
and the second the Consequent. The two together consti- 
tute the Terms of the ratio, or a Couplet. 

404. The ratio between two numbers is indicated by writ- 
ing the antecedent before the consequent, and the colon ( : ) 
between them ; or by writing the antecedent as the numet'otor 
of a fraction, and the consequent as the denominator. 

Thus 8 : 4 is read, "The ratio of 8 to 4;" so also f maybe read, 
** The ratio of 8 to 4," — both forms meaning exactly the same thing. 

405. The term Batio is also applied to such forms as 
6 : 2, 5? etc. ; that is, to the indicated operation of division, 
the sign : being an equivalent of -^. 

310 
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Thus we speak of the ratio 6 : 2 (ndt the ratio q^ 6 : 2), the ratio 
t ; reading, " The ratio 6 to 2," " The ratio 4 to 5." The ratio o/ 6 to 
2 is 3, or the value of the ratio 6 : 2 is 3. So the ratio o/ 4 to 5 is ( 
(4-fifths), or the value of the ratio f (read "4 to 5") is 4-fifths.i 

1. What is the ratio of 15 to 3? 8:2? 9:3? 10:2? 
5:7? 4:8? 1:3? 3:1? 7: 11? 11 : 7? 

2. Which is greater, 12 : 3 or 8 : 4? 6 : 3 or 9 : 3? 
5 : 6 or 7 : 8? 2 : 3 or 5 : 4? 10 : 5 or 6 : 3? 5 : 8 of 
15:24? I org? T^iorf? 

3. Mention several ratios which are each equal to 15 : 3. 
Several which are equal to |. To §. To 3 : 5. 

406. A TQJtio has all the properties of a common fraction 
with the antecedent for its numerator, and the conseqiLent for 
its denominator, 

4. What effect does it produce on a ratio to multiply the 
antecedent by 2? by 3? by an^^ number? Try it on 2 : 4. 
What effect to divide the antecedent by any number? Try it. 

5. What effect does it produce on a ratio to multiply its 
consequent? To divide its consequent? Try it. 

6. How do 3'ou compare two common fractions to ascertain 
which is the greater? (p. 132.) How then dp 3'ou compare 
two ratios? 



7. If 24 is the antecedent and 4 the ratio, what is the 
consequent? 

Having the antecedent and ratio given, how do you find 
the consequent? 

I This double use of the word " ratio ** has given no little trouble to students. That 
the word is habitually used by mathematicians in both of these ways no one at all 
conversant with mathematical writing: can doubt. Thus when we ask, ** What is the 
ratio of 12 to 4? *' all answer " 8; " and all with equal unanimity speak of the ratio 
a ; b, — " The ratio a to 6." 



i 
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RATIO AND PROPORTION. 



8. If 3 is the conseqftient and 7 the ratio, what is the 
antecedent? If 45 is the consequent and the ratio 4 ? 

9. If 7 is the antecedent, what is the consequent when the 
ratio is I ? When it is § ? When it is 6 ? 

10. If 28 is the antecedent, what is the consequent when 
the ratio is 7 ? When it is 4 ? When it is 14 ? When it is 
§? When it is t? 

11. Antecedent 10, ratio 2, what is the consequent? 
Antecedent 27, ratio 9 ? 3 ? J ? 



PROPORTION. 

407* Proportion is an equality of ratios, the tenns of 
the ratios being expressed. The equality is indicated by the 
ordinary sign of equality (=) , or by the double colon ( : : ) . 

Thus 8 : 4 = 12 : 6, or 8 : 4 : : 12 : 6, is a proportion. It is read, 
'' 8 is to 4 as 12 is to 6." The expression f = V may be read in the 
same way, and means the same thing. 

408. Two ratios at least are required for proportion : 
hence we have two antecedents and two consequents. Of 
four terms which constitute a pro]X)ii;ion, the 1st and 4th are 
called Extremes, and the 2d and 3d Means. 

1. Is 15 : 3 :: 10 : 2 a time proportion? What is the ratio 
of 15 to 3 ? What of 10 to 2 ? Are they equal ? 

2. Show which of the following are tnie proportions : — 



1. 


20 


: 5 :: 8 : 2 


2. 


2: 


: 12 :: 5:30 


3. 


6: 


; 35 :: 8 : 64 


4. 


2: 


: 3 :: 14 : 21 


5. 


7: 


: 11 :: 35 : 55 


6. 


8: 


:3 :: 16: 9 



7. 


10 : 7 :: 20 : 14 


8. 


3:7:: 12 : 26 


9. 


13 : 27 :: 117 : 243 


10. 


2i : 5 :: 3i : 6§ 


11. 


1.05 : 8.4 :: 1 : 8 


12. 


.05 : 7 :: .3 : 42 



3. If the first 3 terms of a proportion are 18 : 6 :: 21 
what 13 the 4th teim ? 



PROPORTION. 313 

The ratio of 18 to 6 is 3: hence the 4th term must be J of 21, so 
that the ratios may be equal. Is 18 ; 6 : : 21 : 7 a true proportion ? 
Why? 

4. Find the 4th tenn of 7 : 3 :: 5 : — . 

What is the ratio of 7 : 3 ? Then, if 5 is the antecedent and J the 
ratio, what is the consequent ? Is 7 : 8 : : 5 : 2^ a true proportion ? 
Why? 

5. Find the lacking term of 12 : — :: 8 : 6. 

Which ratio is given ? What is the ratio of 8 : 6 ? If 12 is the 
antecedent and f the ratio, what is the consequent ? 

6. Find the lacking term of 13 : 7 :: — : 11, 

We have the ratio of 13 : 7, ^, Hence the lacking term is 
11 X ^, or H* = 20f . 

7. Find the lacking term of — : 43 :: 5 : 17. 

The given ratio is ^. Hence we have 43 X ^ = ^ = 12l|. Is 
12H : 43 : : 5 : 17 true ? 



409. Tlie product of the means of a proportion is equal to 
the product of the extremes. 

This is evident, since the 1st mean is the 1st extreme divided by 
the ratio, and the 2d mean is the 2d extreme multiplied by the ratio. 

Hence the product of the means is — :^-p X 2d Extreme X Batio. 

In this the ratio cancels, and leaves the product of the extremes. 

8. Find by means of this principle the lacking term in 
13 : 5 :: 12 : — . 

The two means being given, we know their product, 60; but this 
is also the product of the extremes. Now, if 60 is the product of the 
extremes and 13 is one of the extremes, the other is f J, or 4^. 



J 
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9. In like manner find the lacking term in each of the 
foUowing, giving the explanation : — 



1. 2 : 7 :: 5 : — 

2. — : 4 :: 11 : 6 

4. 34 : — :: 17 : 16 

5. 131 : 47 :: 1.5 : - 

6. 12i : 6§ :: 8 : — 



7. 23.05 : 4.5 :: 7.1 : 

8. 1.05 :342 :: 100: 

9. 42 : 6 :: — : 30 

10. § : t :: I : — 

11. 112 : 16 :: 49 : — 

12. 11^ : 2^ :: 4 : — 



RULE OF THREE. 



410. The Rule of Three is an old term applied to the 
method of solving problems in which Three Terms of a 
proportion are given and the fourth is to be found. 

1. If 8 yards of a certain kind of cloth cost $35, how 
much will 42 ^^ards of the same cloth cost? 

It is evident that the same ratio exists between the cost of the two 
quantities as between the quantities, since the price per yard is the 
same. Hence the ratio of 8 yd. to 42 yd. is the same as the ratio of 
the cost of 8 yd., $35, is to the cost of 42 yd. Stated as a proportion, 
this is 8 yd. : 42 yd. : : $35 : the cost of 42 yd. 

We have therefore to find the 4th term of the proportion 

OK y AO 

8 : 42 : : 35 : — . This is ^ = $183.75. Hence 42 yd. wUl cost 
$183.75. 

2. If it require 12 bbl. of flour per year for a family of 
10, how many barrels will it require for a family of 6? 

6 X 12 
The proportion is 10 : 6 : : 12 : — . Hence we have ^ =7i» 

Let the pupil give the reasons: 1st, for the statement of the propor- 
tion ; 2d, for the method of finding the 4th term. 

From the above analyses we deduce the following: — 

411. Rule. — I. Make that number the third term which is 
of tlie same kind as the answer sought. 
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n. If the nature of the problem requires the answer to be 
greater than the third term^ make the greater of tlie tivo 
remaining terms the second term ; otherwise make the less 
of tJiose terms the second term : the term still remaining will 
be the first term. 

III. Divide the product of the means by the given extreme^ 
first indicating the operations in the form of a fraction^ and 
then cancelling as much as practicable. 

Note. — In such questions there are always 3 quantities given, and 
two of these are of the same kind. Now it is necessary that we deter- 
mine, from the nature of the case, whether the same ratio (relation) 
exists between the other two, one of which is not given, as exists 
between the two which are given. Not every problem in which three 
terms are given and a 4th required can be solved by proportion. 

3. If 14 cords of wood cost $98, what will 32 cords cost? 

4. If 12 acres j-ield 384 bii. of wheat, what will 36 acres 

yield at the same rate ? 

•/ 

What are the two quantities of the same kind ? Does the same 
ratio exist between the quantities of wheat produced as between the 
quantities of land ? 

5. If the interest on $350 at a certain rate and for a 
certain time is $65, what is the interest on $700 for the 
same time and rate ? 

Will twice as great a principal give twice as much interest at the 
same rate and for the same time ? What are the two like tehns ? 
Are they not all alike ? They are all dollars. 

6. If $100 principal amounts to $122.50 for a certain 
rate and time, what principal does it require to amount to 
$422.62^ for the same rate and time? 

Amount. Amount. Principal. Principal. 

$122.50 : $422.62i :: $100 : ^rfl^ (=$345). 

Note. — This is the question in true discount. 

7. What is the present worth of a note $422.62^, due 2 
yr. 3 mo. hence, without interest, mone}- being worth 10% ? 
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Same as Ex. 6. $100 now amounts to $122.50 at the given rate and 
time. Hence the question is, How much now will it take to amount 
to $422.62^ in the given time at the given rate ? 

8. What is the present worth of a note which aniounts to 
$350, 1 yr. 6 mo. 15 da. hence, money being worth 7% ? 

Find the amount of any sum for the given time and rate ($100 is 
convenient). Then state and work the proportion. 

9. What is the present worth of $725.50, due in 6 yr. at 

10. What is the present worth of $2000, due in 3 yr. 6 
mo., interest at 7% ? 

The examples in (383) can he solved hy proportion, and may be 
reviewed and solved in this way. 

11. A bankrupt paid 43 cents on ever}' dollar of his debts. 
How much did he pay on a debt of $569.31 ? 

12. A difference of 15° in longitude makes an hour's dif- 
ference in time. What is the difference in time between 
Boston, which is 71° 4' 20" W. long., and Washington, which 
is 77° 1' 30" W. long. ? 

13. If we measure a distance and find it to be 500 yd., 
measuring by a yard-measure which is afterward found to 
be one-eighth of an inch too short, what is the distance ? 

14. If a person by travelling 10 hours a day perform a 
journey in 31 days, iii how many dajs will he perform the 
same journey if he travel 13 hours a day? 

15. If a person perform a certain journey in 13 J da3''s by 
travelling 10 horn's a day, in what time will he perform the 
journey if he travel 11^ hours per day? 

16. Moll and Van Beek, in 1823, found that sound travels 
332.05 meters in a second. What is the velocity per second 
in feet? 

17. How far off is a battery when the flash precedes the 
report 15 sec, no allowance being made for the progressive 
motion of light? 
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18. It is found that the eclipses of Jupiter's moons occur 
16 min. 26.6 sec. sooner when the earth is on the side of her 
orbit nearest Jupiter than when she is on the opposite side. 
The diameter of the earth's orbit being 183,000,000 miles, 
what is the velocity of light per second? 

19. How many times would light go round the earth in a 
second, the earth's circumference being called 24,000 miles? 

20. The nearest of the fixed stars are probably' 100,000,- 
000,000,000 miles from the earth. How long would one of 
them continue to be seen on the earth after it was annihi- 
lated, were such a thing possible ? 

21. If a staff 5 ft. long casts a shadow 3 ft., how high is 
a steeple whose shadow at the same time is 90 ft. ? 



PARTITIVE PROPORTION. 

412. Partitive Proportion is a term applied to the 
division of a number into parts which shall be in the ratio of 
given numbers. 

Ex. 1. — Divide 150 into three parts, which shall be to 
each other as 2, 3, and 5. 

150 is the sum of three parts, which are to bear the ratio to each 
other of 2, 3, and 5, of which the sum is 10. Hence the proportions 



are, — 



10 : 150 : : 2 : t^e first part. 
10 : 150 : : 3 : the second part 
10 : 150 : : 6 : the third part. 

2. Divide 35 into 2 parts, whidi shall be to each other as 
3 to 4. As 2 to 5. As 1 to 6. 

3. Divide 1 into 3 parts, which shall be to each other as ^, 
§, and J. 

4. Divide 7 into 4 parts, which shall be to each other as 3, 
5, 8, and 2. 
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5. Divide $5000 among 3 persons so that the first shall 
have twice as much as the second, and the second twice as 
ranch as the third. 

6. Di^ide $100 into 4 parts, which shall be to each other as 
$800, $700, $1000, and $500. 

7. Of $1900 A is to have a certain sum, B twice as much, 
C twice as much as B, D as much as A and C, and E as 
much as B and D. How much is each to have? 

8. A and B found a purse containing $85, and agreed to 
share it in the ratio of •§ to f . What did each receive ? 

9. A, B, and C entered into partnership. A put in $340, 
B $460, and C $500. They gained $390. What was the 
gain of each, the gain being divided in the ratio of the shares 
in the capital? 

10. A, B, and C purchased a farm for $3500, of which A 
furnished $1500, B $1500, and C $500. They received $280 
rent for the farm. How much of this rent is due each? 

11. A, B, C, and D hired a pasture for $120. A put in 
120 sheep, B 160, C 180, and D 140. How much ought 
each to pay? 



12. Divide $70 between A, B, and C, in such a manner 
that A's share shall be to B's as 2 to 3, and B's to C's as 4 
to 5. 

As often as A has $2 B is to have $3, and C is to have f as much 

$15 
as B, or — ;-. Hence we are to divide $70 into three parts, which 
4 

15 
shall be to each other as 2, 3, and -j, or as 8, 12, and 15. 

13. Three persons in a joint speculation gain $1000, which 
is to be divided so that the first share shall be to the second 
as 3 to 2, and the second to the third as 5 to 6. Required 
the shares. 
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COMPOUND PROPORTION. 

413. A Coxnpoiind Batio is the product of two or more 
simple ratios, as a Compound Fraction is the product of two 
or more simple fractions. 

Thus the ratio of 3 to 5 is f , and the ratio of 2 to 7 is ^. Hence 
the compound ratio of 3 to 5 and 2 to 7 is f X ^f, or ^. 

414. A Compound Proportion is an equality between 
a Compound Ratio and a Simple Ratio, the terms of each 
of the simple ratios being expressed. 

If 240 is to some number which we wish to find, in the compound 

ratio of 3 : 4, 5 : 7, and 1 : 11, we write 

3: 4) 

5 : 7 > : : 240 : the number sought. 

1:11) 
Ex. 1. — If 3 men, working 10 hours per day, can cut 51 
cords of wood in 6 daj's, how much can 5 men cut in 7 da3^s, 
working 8 hours per day? 

The question is about the number of cords of wood. 

First consider the number of men. 5 men will cut | as much as 3 
men, if they work 6 da. of 10 hr. each, or f of 51 cd. 

Second, in 7 da. the 5 men will cut J as much as in 6 da., if they 
work 10 hr. per day, or J of } of 51 cd. 

TJiirdj but working 8 hr. per day, the 5 men will cut only ^ as 
much as though they worked 10 hr. ; i.e., — 

^ 17 

A of Jof S of 51 cd.=?-gL>^2^ = H^ = 39j cd. 

? 3 
In the form of a proportion this may be stated thus : — 

5:3) 

7 : 6 ? : : 51 cd. : the number of cords sought. 

8:10) 

From this analysis, we deduce the following : — 

415. Rule. — I. Make that number the third term which 
is of the same kind as the answer sought. 

II. Ar7*ange the couplets of the compound ratio as in 
simple proportion^ considering one condition at a tx-me. 
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III. Divide the product of the means by the prodiLct of the 
given extremes^ first indicating the operations in the form of 
a fraction, and then cancelling as much as practicable. 

2. If a footman can travel 150 miles in 5 daj'^s, when the 
days are 12 hours long, in how man}' daj's may he travel 275 
miles when the daj's are 10 hours long? 

3. If 5 oxen require an acre of grass for 9 days, how many 
acres will 20 oxen require for 30^ daj's ? 

4. If 4 men eat 64 pounds of bread in 2 weeks, how many 
pounds will 16 men eat in 7 weeks? 

5. If a man travel 100 miles in 3 daj's of 13 hours length, 
how far might he travel in 33 daj^s of 14^ hours length ? 

6. If 2 3'ards of cloth IJ yd. wide cost $10.25, what 
cost 13 3'ards of like qualitj^, which is If j'd. wide? 

7. If a famil}^ of 10 persons, in 2 weeks, spend $200, how 
long ought a family of 13 persons to be in expending $500? 

8. If 6000 lb. of bread will supply a garrison of 100 men 
2 mo., how long will 12000 lb. last three such gamsons? 

9. If 7 men can mow 84| acres in 12^ daj's, working 8 
horn's per daj', how manj- da3's of 10 hours each will 20 
men require to mow 254f acres ? 

10. If 40 men in 8 days of 9 hours each build a wall 120 
rd. long, 9 ft. high, and 3 ft. thick, how many men will be 
required to build a wall 162 ixi. in length, 12ft. high, and 9 
ft. thick, in 18 daj^s, by working 12 hr. each day? 

11. If 100 men, by working 6 hr. each daj-, can in 27 da. 
dig 18 cellars, each 40 feet long, 36 ft. wide, and 12ft. deep, 
how many cellars, each 24 ft. long, 27 ft. wide, and 18 ft. 
deep, can 240 men dig in 81 da. of 8 hr. each? 

12. If 24 men, by working 8 hr. a da}-, can in 18 da. dig 
a ditch 95 rd. long, 12 ft. wide, and 9 ft. deep, how many 
men, in 24 da. of 12 hr. each, will be required to Jig & ditch 

380 I'd. long, 9 ft. wide, and 6 ft. deep? 




CHAPTER VII. 



INVOLUTION AND EVOLUTION, 



INVOLUTION. 

4:16, A Power is the product arising fi-om maltipljing a 
number by itself a certain number of times. 

Thus 3 X 3 X 3 = 27 ; and 27 is called the 3d power of 3. 6X5 = 
25; and 25 is the 2d power of 5. So f X ) X } = ^; and ^ is the 
3d power of f . The 2d power of .4 is .16. Of 1.2 is 1.44. 

417. Involution is the process of raising a number to any 
required ix)wer. The number to be involved is called the 
First Power ^ or the Rqot. 

418. The Square of a number is its 2d power ^ and the 
Cube of a number is its 3d power, 

1 . What is the square of 4 ? Of 7 ? Of J ? Of 2^ ? Of 
.35? The cube of 2? Of lOY Of 6? Of 1§? 

2. Write the squares and cubes of the 9 digits, and com- 
mit them to memory thoroughly. 

419. A Figure^ written at the right and a little above a 
number, indicates the power of that number. It is one form 
of what is called an Exponent. 
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Thus 42 = 4 X 4, or 16. 2« = 2 X 2 X 2, or 8. 3*==3 X 8 X 3 X 3, 
or 81. .36 = .00243. 1.18=1..331. 

3. What is the square of 23? Of 341? Of 3580? Of 
2£? Of 4.3? Of ?? Of .35? 

4. What is the cube of 6? Of 10? Of. 1.5 Of i? Of 
,2? Of .04? Of a? Of2§? Of 1.07? 

5. What is the value of these expressions: 2.1*? 12"? 
7*? (§)*? .0512? oi»? 1.01^? 246*? 10«? 100*? 
(342)*? (1834)'? 



EVOLUTION. 

420. A Boot is one of the equal factors into which a 
number is conceived to be resolved. The Square Boot of a 
number is one of two equal factors into which the number is 
conceived to be resolved. The Cube Boot is one of three 
equal factoi-s. 

421. The Badical or Boot Sign is \/. When written 
thus, \/25i it indicates that the square root of 25 is to be 
taken ; that is, that 25 is to be resolved into 2 equal factors, 
and one of them taken. To indicate the cube root, 3 is 
written in the sign. Thus \/l25 means the cube root of 125. 
It is 5. 

. V^9 is 3, because 3 is one of the 2 equal factors which compose 9. 
V343 is 7, because 7 X 7 X 7 = 343. 

1 . What is the square root of 16 ? Of 36 ? Of 144 ? Of 
81? Of 49? Of 1? Of 4? Of 9? Of 25? Of 121? 
Of 100? Tell why in each case. 

2. Whatisv^s? V^27? \/l? \/i728? \/6i? V^i25? 

\^M3? \/729? V^TOOO? \^2l6? 

422. Finding the root of a number is called Extracting 
the Hoot, 
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423. Evolution is the process of extracting roots. 

424, A number is said to be a Perfect Power when it can 
be procUiced by multiplying some number by itself. 



425. Extraction of Roots of Perfect Powers. 

As Evolution is the process of finding one of a certain number of 
equal factors which compose a number, it is but a process of factoring, 
— resolving a mnnber into equal factors. 

Ex. 1 . — Show what \/ ic ==. y/Wl =• v^l728 =• 

2. What is the square root of 1764 ? 

2 ) 1764 
Resolving 1764 into its prime factors, we find them 9TS82 

to be 2, 2, 3, 3, 7, 7. Hence 3T441 

2-3-7 X 2-3-7, or 42 X 42 = 1764, 3-^ 

and 42 is the square root of 1764, being one of the two 7T4Q 

equal factors which compose it. — ^f 

3. As above, find the square root of each of the following: 
11025, 32400, 245025, 145600, 48841. 

4. What is the cube root of 74088? 

As above, resolving 74088 into its prime factors, we find 
2-2-2-3-3-3-7-7'7; i.e., 2-3-7X2-3-7 X2-3'7, or 42 X 42 X 42. 

Hence V74088 = 42. 

5. As above, find the cube root of each of the following: 
46656, 621875, 18399744, 4741632. 



General MetJvoil of Extracting the Square Root. 

426, This method is based on the two following Prin- 
ciples : — 

427. Principle I. — In squaring a number^ the square 
of any order above units falls tioice as many places to the 
left of units as the order itself 

Thus the square of tens falls two places to the left, as (50)^ = 2500; 
the square of hundreds falls four places to the left, as (300)^ = 90000, 
or (900)*-^ = 810000, etc. 
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428. Principle II. — Tlie square of any number made 
up of tens and units is the square of the tens^ -\- ttoice the 
product of the tens by the imits^ -\- the square of the units. 

Let us show this by squaring 68. Multiply- 
ing in the ordinary way, only writing each ^ 
product by itself, we see at once that the 5r 
square of 68 is (6 tens)* + 2(6 tens X 8) + 8* = g ^^^ ^^ ^ ^ 

4624. 8X6teus=« 48 

But it is necessaiy to provfe this truth in a (6 tens)*-^ =■ 36 



more general way, as it is the foundation of 4624 

the very important Rule for Vie Square Root 

For this purpose, instead of usuig 8 for the units and 6 for the 
tens of the number we wish to square, 

let u stand for any number of units, 
and t for any number of tens. 

Then, as 68 is 6 tens + 3 units, our number will now be represented 
thus, t-\-u. 

We will now square t-{-u, observing, first, t + n 

that tu means the same as f X u, and that t-\- u 

2tu means twice tu. We multiply first by u, tu -h u 

saying ** u times u is u^, and u times t is <^ + tu 

fM." Hence t + u multiplied by u is tu+ <^ + 2«w + u^ 

U^. So t times t + u is t^ + tu. Adding 

these partial products (as in common multiplication), we have ^2 + 
2tu + 1*2. Which corresponds with the principle. 

Ex. — Find the square of 56 according to Principle II. 
Of 87. Of 243. Of 3469. Of 43. Of 426. Of 1325. 

872 = (8 tens)2 + 2 (8 tens X 7) + (7^) = 6400 + 1120 + 49 = 7569. 
We may regard 243 as 24 tens and 3 units, and thus have 243'^ = 
(24 tens)2 + 2 (24 tens X 3) -f 3*. Pupil, complete the work. 

3469 may be regarded as 346 tens and 9 units, etc. 



429, Rule. — I. Separate the number into periods by 
placing a point over units and over each aUemate figure 
therefrom. 

II. Write as the highest order in the root the square root 
of (?ie greatest square in the left-hand jyeriod, subtract its 
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square from that period^ and to the remainder annex the 
next peiiod^ fhris forming a neio dividend. 

III. Double the root already founds regarding it as tens^ as 
a Trial Divisor. By this divide tJie new dividend^ annex the 
quotient to the root^ and add it to the trial divisor^ thus foi^ming 
tlie True Di'jisor. Multiply the true divisor by the last root 
figure^ subtract the product from the dividend^ and to the 
remainder annex the next period. 

IV. Repeat the process described in the last paragraph till 
tlie work is complete. 

When any trial divisor is not contained in the dividend, place a 
zero in the root, and also at the right of the divisor, and hriur down 
the next period. 

If any figure obtained for the root proves too large, diminish it by 
1, and repeat tlie work. 

Approximate roots may be obtained by annexing decimal periods 
of two zeros each. Decimal periods must always be full, since the 
square of any decimal has an even number of figures. Why ? 

Ex. 1. — Extract the square root of 4624. 

Operation. 

(e + ti)« = ea + 2m + tt2 = 4624(68 = « + U. 

f 2 = 36 

2e = 120 
tt= 8 



2i + U'=l2S 



1024 = 2tu + W« = {2t + U) U. 

1024 = (2e + U) U. 



Exi'LANATiON. — By placing a point over units figure, and over 
each alternate figure to the left, we see that tlie highest order in the 
root is Tens, according to Principle I., and that the square of the tens 
is in 46. Now the greatest square in 46 is 36. Hence 6 is the tens of 
the root. 

Now letting f + te represent the root, we have 

[t + t«)2 == ea + 2tu + m2 = 4624, by Principle II. 

But liaving found < to be 6 (tens), we subtract its square from 4624, 
and have 2tu + U^== (2t + u)n = 1024 remaining. 

Now, as u is small with referonce to 2f, we may, for a trinU put 
(2t) X «, or (12 tens) X u = 1024. Hence 1024 -r- 120 will give 
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the units figure of the root approximately at least. (In this case it 
gives it exactly.) Now, completing the divisor 2^ + ti by adding the 
units figure, we find the True Divisor to be 128. This multiplied by 8 
gives 1024. Hence 68 is the exact square root of 4624. 

Queries. — Wliy do we point off as we do the number whose 
square root is to be extracted ? 

Anif. — In order to ascertain what the highest order in the root 
will be, and what its square is, according to Principle I. 

Why do we double the root already found, regarding it as t^ns, for 
a trial divisor ? 

Ans. — Because the remainder, which we use as a dividend, is 
approximately equal to twice this figure regarded as tens, multiplied 
by the next figure of the root. 

Why do we add the i-oot figure to the divisor ? 

Ans. — ^^ Because the True Divisor is twice the root previously found 
regarded as tens + the figure last found. 

Why do we bring down only one period at a time ? 

Ans. — Because the square of tlie root as far as found in that step 
can form no part of the remaining periods. Thus, when we are 
finding the hundreds figure of the root, we do not need the two right- 
hand periods, since the square of hundreds falls beyond four places 
from units (Prin. I.). 

2 and 3. Extract tlie square root of 74529, and 2125764. 

Operation. — When there are more than two figures in the root. 

74529 ( 273 2125764 ( 1458 

4 1_ 

47 ) 345 24 ) 112* 

329 96 



543 ) 1629 285 ) 1657 

1629 1425 



2908 ) 23264 
23264 

Note. — The same explanation which has been given when the 
root consists of two figures can be readily extended to any number. 
Thus, in extracting the square root of 74529, the square of the first 
two figures 27 (tens) falls in orders from hundi*eds upwards. We 
may therefore proceed to find these two figures exactly as if we were 
extracting the root of 745. Having found these, we may take them 
as tens, and consider the root as made up of 27 (tens) and some 
number of units, etc. 
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4-12. Extract the square root of 2209, 361, 2601, 4900, 
120409, 412164, 123201, 6718464, 966289. 

13-15. Extract the square root of 87.512. Of 2. Of .4. 







Operations. 




87.5i20 
81 


( 9.354+ 


2 (1.4142+ 

1 


.40 (.632-f 
36 


183 ) 651 
549 




24)100 
96 


123)400 
309 


1865 ) 10220 
9325 




281)400 

281 


1262 ) 3100 
2524 


18704 ) 89500 
74816 


• 


2824)11900 
11296 


576 


4684 




28282)60400 





All that is peculiar in exti'actiug the roots of numbers wholly or 
in part decimals is to make the number of decimals even by annex- 
ing a where there is an odd number of significant figures. This 
arises from the fact that the square of any decimal must have an 
even number of figures, since there is as many decimals in the quo- 
tient as in both factors. We point off, as directed in the rule, by 
placing a point over each alternate figure from units. 

16-25, Extract the square root of .0256, 5.32, 28.6, 34.3, 
7.5, 4.9, .0049, .049, 582.431, 3.671, extending the i-oot to 
three places of decimals when it is not exact. 

26-36. Extract the square root of jVi> iti? ?? i» A? iff? 
t^, 15, 2|, lii, 3f. 

Since a fraction is involved by raising numerator and denominator 
separately to the required power, its root may be extracted by extract- 
ing the root of each term separately. 

If neither of the terms is a perfect power, it is best to reduce the 
fraction to a decimal, extending the operation to such degree of ac- 
curacy as may be desired. 

When the denominator is a perfect power, and the numerator is 
not, extract the root of the denominator, and also of the numerator, 
extending the work as far as desired, and then divide the latter by 
the former. 
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€teneral Method of Eaetracting the Cube Root. 

430. The general iiile for extracting the cube root is based 
on the two following principles : — 

431 • Principle I. — In cubing any number^ the cube of 
any order above units falls three times as many places to the 
left as the order itself 

Thus the cube of 3 tens, or (30)' = 27,000. The cube of 5 hun- 
dreds (500)* = 125,000,000. 

432. Principle II. — The cube of any number made up 
. of tens and units is the cube of the ten%^ -|" ^ times the square 

of the tens multiplied by the units, -\- 3 times the tens multi- 
plied by the square of the units, -\- the cube of the units. 

Demohbtration. — Let the number we propose to cube be repre- 
sented by ^ + t«, as in (492). Now the 

square of « -f w is by (402) . . . t^ + 2tu + u^ 
Multiplying this by # -4- tt, we have the ?^— - 

K^ jr--» e«M4- 2tu^ 4- u« 

*^^ i' + 2th& + tti^ 

The multiplication is explained thus: £8 j_ q#2|£ 4, ^#^2 4, ^,9 

multiplying by te, we have u^ multiplied 

by U9 which makes u', just as 2 squared (2^) multiplied by 2 makes 
2 cubed (2>). 2iu multiplied by u makes 2lu^; for 2tu i82 X tXU, 
and, putting in another factor of Uf we have 2 X t X u X u^or 2tu^. 
In like manner the other terms are multiplied. In adding the partial 
products we notice that' 2 times tu^ and 1 time tu^ make 3 times 
f M^, or 3lu^. 80 2 times tHi and 1 time 1^ make 3f%. Finally, we 
observe that this result, «* + StH$ + Stu^ -f-u', agrees with our 
statement of the principle. 

433, Rule. — I. Separate the number into periods by 
placing a point over units ^ and over each third figure there- 
from. 

II. Write as the highest OQ'der wi the root the cube root of 
the greatest cube in the left-hand period, subtract its cube 
from that period, and to the remainder* annex the next period^ 
ihus/ormirug a new dividend. 



METHOD OF EXTRACTING THE CUBE ROOT. 329 

III. Take 3 times the square of the root already founds 
regarded as tens^for a Trial Divisor. By this divide the 
new dividend^ which loill give approximately the next figure in 
the root} Then form the True Divisor by adding to the 
Trial Divisor 3 times the product of the preceding part of the 
root {regarded as tens) by the last figure^ and the square of 
this last figure. Multiply this True Divisor by the last root 
figure^ subtract the product from the last dividend^ and to the 
remainder annex the next period. 

IV. Proceed as desciibed in the last paragraph till the work 
is complete. 

[See notes under rule for Square Root.] 

1. Extract the cube root of 262144. 

Operation. 

(t + uf = «8 + Zihl + 3<ua + u8 = 262144 (64 == * + u. 

t8 = 216 
U^ = 10800 

3<u = 720 

U2= 16 



3«2 + set* + u2 = 11536 



46144 = UHi + 3/te2 _|. yz^ or 



46144 = (3^2 + Uu + m2) t«, or 



Explanation. — Pointing off into periods, by placing a point 
over units and over each third figure therefrom, we see that the 
highest order in the root is tens (Principle I.), and that its cube is 
contained in 262. Now the greatest cube in 262 is 216, the cube root 
of which is 6. Hence 6 is the tens figure of the root. 

Now, letting t-\-u represent the root, we have [t -{- u)"^ = t^ + 
U^U + Uu^ + f«8 = 262144. 

But, having found f to be 6 (tens), we subtract its cube from 
262144, and have ZtHi + ZtU^ + M^ = (3^^ + Uu + M^) m = 46144 



remainuig. 



Now, as u is small with reference to 3<2, we may, for a trials put 

1 The root figure thus found maybe too large; but, if so, the fact will appear when 
tbe True Divisor is multiplied by it. 

> This means 3<> + Ztu + u> multiplied by ii, which makes ZlMt + 3lu> + u>. 



830 
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(3«2) xu = 46144, and, as we know t, this becomes 10800 X u = 
46144. Hence u is, approximately, 46144 -r- 10800. 

We thus find that the units figure is probably 4. Now, completing 
the divisor by adding to it Stu, — i.e., 3 times the product of the root 
already found (remembering that it is tens) by the units, — and the 
square of the units, we find that the T}'ue Divisor, St^ -j- 3^1* + t*^» 
is 11536. This multiplied by 4 gives 46144. Hence 64 is the exact cube 
root of 262144. 

[Similar queries to those following the explanation of the method 
of extracting the square root may be raised here, and can be an- 
swered in a similar manner from the above explanation.) 

2-5. Extract the cube root of 54872. Of 41063625. Of ^ 
354894912. Of 3416.53. 



54872(38 
27 



41063625 ( 345 

27 



2700 

720 

64 



3484 



27872 



27872 



2700 

360 

16 



3076 



14063 



12304 



346800 

5100 

25 



351925 



1759625 



1759625 



354894912 ( 708 
343 



3416.530 ( 15.06 
1 



114700 


11894912 


1470000 

16800 

64 

1486864 


11894912 



300 


2416 


150 




25 




475 


2375 



6750000 

27000 

216 



6777216 



41530000 



40663296 



866704 



6-13. Extract the cube root of the following: 157464; 
74088; 571787; 15625; 2744; 1124864; 2571353; 651714- 
363. 



> As this is not contained in 11894, we write in the root, and bring down the 
next period. 
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14-26. Extract the cnbe root of 34285.7; 34.3472; 5; 
48; 2; .4932; .8; .343; .27; if | ; ?Ji ; ^^3 ; ht- 
[See note under Ex. 26-36 in Square Root. J 



jippllcations. 

434, Problem 1. — Given the area of a square^ to find its 
side. 

Rule. — Extract the square root of the area. 

The reason for the rule is, that the area of a square is the square of 
its side, as a square is a rectangle whose sides are equal to each other. 
(215.) 

Note. — K the area is given in a denomination which has no 
corresponding linear unit (as in acres)^ it should be reduced to a 
denomination which has such a linear unit (as to roc{j{),. before the 
root is extracted. 

1. What is the side of a square which contains 74529 
square feet? 

2. How many rods on a side is a square acre? How many 
feet? 

3. How many rods on a side is a square 40-acre lot? A 
square 80- A. ? 

4. What is the side of a square containing 10 Ars? 
What of one containing 40' ? 60* ? 1 00* ? 25^' ? 70«* ? 

5. A man has a farm containing 520 acres, in the form of 
a rectangle, twice as long as wide. What are the dimensions ? 

6. What is the side of a square which contains twice as 
much as one 1 ft*, on a side? 3 times as much? 4 times? 
10 times? 9 times? 



435. When tJiree numbers are so related that the 1st is to 
the 2d as the 2d is to the 3d, the 2d is called a Mean Pro- 
portional between the other two. The third term is called 
a TJiird Proportional to the other two. 
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Thus, in the proportion 2 : 4 : : 4 : 8, 4 is a Mean Proportional 
between 2 and 8, and 8 is a Third Proportional to 2 and 4. 

4r36« Principle. — A Mean Proportional between two quan- 
tities is the square root of their product. 

Thus let a stand for the first numl)er, b for the third, and m for 
tlie mean ; then a : m :: m : b, and m^ = aft, or m. = ^ab. 

Ex. 1. — Find the mean proportional between 4 and 9. 27 
and 3. 5 and 11. § and ^. 

2. Find a third proportional to 7 and 4. To 8 and 12. 
To 12 and 8. To 4 and 6. To 6 and 4. To | and |. To 

and f . 



3 

5 



437, Problem 2. — Given the contents ^ to find tJie edge 
of a cube. 

Rule. — Extract the cube root of the contents. 

I Reason and note similar to the above.] 

1 . What is the edge of a cube containing 45,499,293 cu. ft. ? 
One containing 487.42 cu. ft.? 

2. What must be the edge of a cubical box which shall 
contain a bushel? (See 229,) What of one containing 100 
bushels ? 

3. How many feet on an edge is a cubical mass containing 
389,017? 

4. How many feet on an edge is a cube whose content is a 
cord ? 

5. Mr. A. received $97.20 for digging a cellar at 20^ per 
cubic 3^ard. The cellar was 3 times as wide as it was deep, 
and twice as long as it was wide. What were its dimensions 
in feet? 

6. The edge of a cubical vessel is 1 ft. What is the edge 
of one which contains 2 times as much ? 3 times ? 4 times ? 
8 times? 27 times? 40 times? 



CHAPTER VIII. 

PROBLEMS IN MENSURATION. 

[For definitions of point, line, angle, rectangle, square, solid, 
parallelopiped, and cube, see Measures of Extension, p. 171, et seq,] 

438. Problem 1 . — To find one side of a right-angled tri- 
angle lohen the other two are given. 

439. A Triangle is a plane (flat) figure with only 3 sides. When 
one of its angles is a nght angle, it is called a 

RKjht-Angled Triangle. If you make a right- 
angled tnaugle whose Base, AB, is 6, and whose 
Perpendicular, CB, is 8, and then measure the 
Hypothenuse, AC, you will find the latter to be 
just 10. Now, notice that 6* + 82= 10'^ and 
in Geometry this is found true of all right- 
angled triangles. The square of the hypothenuse 
equals the sum of the squares of the other sides, 

440. Since AC^ = AF* + BC^, AC = \(AB^-j-BC*.) ; 

Also, AB^ = AC^ — B(?, AB= \ (AC* — BC*) ; 

And BC* = AC* — AB^ BC = \ ( AC* — AB*). 

litis important that the pupil become familiar with this form of 
statement, and be able to put it into common language.] 

Ex. 1. — What is the length ol* a brace in a building which 
goes into the post 3 ft. from the angle, and into the beam 2 




ft. from the angle? 



3;i3 
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2. What is the length of a brace which reaches from cor- 
ner to corner of a gate which is 10 ft. long and 4^ ft. high ? 

3. What Ifengtli of rafter is required for a building 30 ft. 
wide, the ridge of tlie roof being 10 ft. higher than the 
plates, making no allowance for the projection beyond the 
plates ? 

4. What is the distance from one corner on the floor of a 
room to the diagonally opposite^ corner in the ceiling, the 
room being 18 ft. by 20 ft,, and 12 ft. high? 

5. Wishing to find the distance between two trees between 
which a pond lay, I measured from one of the trees a line 
perpendicular to the line joining the trees, a distance of 100 
rods, and from the end of this line measured a right line to 
the other tree, 160 rods. What was the distance between 
the trees? 

6. Having a pole which I knew to be 30 ft. long, and 
wishing to find the height of a wall, I put one end of the 
pole against the top of the wall, and found that the other end 
rested on the ground 12 ft. from the wall. What was the 
height of the wall? 

7. What must be the length of the rafter for a quarter- 
pitch roof on a house 32 ft. wide? What for a third-pitch 
roof? Half-pitch? Whole-pitch? 

Quarter-pitch means that the height of the ridge above the plates 
is \ the spaD, etc. 



441, A Circle is a plane {fiat) figure bounded by a curved line, 
every point of which is equally distant from a point within called the 
Centre. The curved line is called the Circumference. A line 
drawn from the centre to the circumference is called a Radius. A 
line drawn through the centre and terminated by the circuii{ference is 

a Diameter. 

442« Problem 2. — To find the circumference of a circle 
w/ien the diameter is given. 
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»*^vir»" 



By drawing a circle very carefully, say 1 iuch in diameter, as in 
the margin, and dividing the diameter 
into lOths inches, a nice pair of dividers 
can be opened one lOth inch, and made 
to step around the circumference. If it 
is all done with nicety, it will be found 
to be a little over 31 steps around when 
it is 10 across. Hence we can learn that 
the circumference is a little more than 
3.14 times the diameter. In Geometry it 
is shown that the circunrference is very 
nearly 3.1416 times the diameter. No- 
body knows the exact ratio: it is represented in Geometry by the 
Greek letter n (pi). 

Ex. 1. — How long a bar of iron will it take to make a tire 
for a wheel which is 50 in. in diameter? 

2. What is the diameter of a tree which measures 33^ ft. 
around ? 

3. As the earth revolves on its axis once in 24 hours, 
at what rate per hour do we move in consequence of this 
rotation, the radius of the earth being 3962 miles ? 



443. Parallel lines are lines which run in the same direc- 
tion. A plane figure bounded by four sides is a Quadri- 
lateral. When each side is parallel to the side opposite, the 
figure is a Parallelogram; and, when the angles are all 
right angles, the figure is a Rectangle. 

444. Problem 3. — To find the area of a parallelogram. 

Let ABC be any parallelogram. Draw DE perpendicular to AD, 
and consider the triangle EDC 
as cut off, and placed on the 
other end in the position AFB. 
Then the rectangle AFED has 
the same area as the parallelo- 
gram ABCD. But the area of 
the rectangle is the product of the base and altitude (215)' 
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Hence the area of any parallelogram is the product of iiA &ase and 
aiiiiud.e, 

Ex. 1. — A piece of velvet is cut " on the bias *' at both 
ends; i.e., diagonally across. If the piece is \ jd. wide, 
how much velvet is there in a piece which measures 8 j'd. 
along the selvage, the entire figure being a parallelogram? 

2. How man}' square yards in the plastering of a ceiling of 
a room 20 ft. by 18? 

3. There are two parallel roads \ a mile apart. Mr. A.'s 
farm runs obliquel}'^ across from one to the other in the fonn 
of a parallelogi*am. How many acres in his farm if it meas- 
ures 1 mi. along the road? 

4. How man}' bricks (a common brick is 2 X 4 X 8 in.) 
laid on the side will it take to pave a cellar 15 X 18 ft. 
on the bottom ? How many if laid on the edge ? 

5. How many tiles 6 in. square will la}' a floor 20 X 36 ft. ? 

6. What is the cost of plastering a room 20 X 24 ft. and 
10^ ft. high, including the ceiling, at 25^ per square yaitl, 
there being 3 doora 1\ ft. high and 3 ft. 9 in. wide, and 4 
windows 6 ft. high and 3 J ft. wide? 

7. How many }ards of cloth 27 in. wide will it take to line 
12 yd. \l yd. wide? 



445. Problem 4. — To find the area of a triangle. 

Suppose A is the triangle whose area we seek. Make another just 
like it, as A', 
and tlieu put 
the two to- / 

gether, as B / 

and A'. Then Z 

llie I wo make 

a parallelogram, whose area is the product of the base and altitude. 
But the triangle is half the parallelogram. Hence the area of a 
triangle is half the product of the base and altitude, or half of either 
multiplied into the other. 
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446. Note. — If the three sides only are given, from half the 
sum of the three sides subtract each side separately, multiply the half 
sum and these remainders together, and extract the square root of the 
product. 

The pupil cannot see vohy this is so without considerahle knowl- 
edge of Geometry. 

1 . Wliat is the area in acres of a triangle whose base is 
40 rods and altitude 24 rods ? 

2. What is the area in acres of a triangalar field whose 
base is 85 rods and altitude 75 rods? 

3. How many square inches in a triangular board whose 
sides are respectivel}- 12, 18, and 24 inches? 

4. How many acres in a triangular field whose sides are 
respectively 20, 30, and 40 rods? 

5. What is the area in acres of a triangular piece of 
ground whose base is 7.52 ch., and altitude 5.32 ch. ? 




447, Problem 5. — ^ To find the area of a trapezoid. 

A Quadrilateral is a plane figure with four sides. If two of these 
are parallel, and the other two not, the 
figure is a Trapezoid. ABCD is a trape- 
zoid, and a is its altitude. It is evident 
that the ai*ea is the area of two triangles 
having the same altitude as the trapezoid, 
and, for their bases, the upper base and 

the lower base. Hence the area of a trapezoid is i the product qf 
the altitude into the sum of the baseSy or half the sum of the bases 
Into the altitude. 

Let al>cd be a tapering board. Such a board is a trapezoid, and 
ab and cd are the bases, and eg the altitude. 
Now, the width across the middle, as Jik, is half 
the sum of the two bases, or ends. Hence, to 
find the area of such a board, multiply iUt width, 
measured in the middle, by its length. 
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1. How many acres in a trapezoid whose parallel sides 
are 45 and 60 rods, and the distance between them 50 rods ? 

2. How many square feet in the surface of a boai-d 14 ft. 
long, and 21 in. wide in the middle? 

448« In measuring boards the surface measure alone is consid- 
eredf unless the board is more than an inch thick. 

When the lumber is 1\ in. thick, J is to be added to the superficial 
measure; when 1^ in. thick, ^ is to be added; when 2 in. thick, the 
superficial measure is to be doubled. Why ? 

Query. — Why is it that in measuring boards we may multiply the 
length IN FEET by the width in inches, and divide the product by 
12 to get the square feet ? 

3. How man}' square feet in a load of boards in which 
there are 10 boards 12 ft. long and 10 in. wide, 8 boards 
16 ft. long and 8 in. wide, 20 boai-ds 14 ft. long and 10 in. 
wide, the widths all being measured in the middle? How 
much would this load amount to at $14 per M? 

4. How many feet of boards in a load consisting of 30 
pieces of IJ in. stuff, 12 *. long 6 in. wide; 40 pieces of 
1^ in. stuff, 10 fb. long and 9 in. wide ; and 20 bolts of 
"siding" (^ in. stuff), 12 ft. long and 5 in. wide, with 6 
pieces in each bolt ? 

5. How much flooring \\ in. thick will it take for the 
floors of 10 rooms, 2 being 18 X 15 ft. (18 ft. by 15 ft.) 
each, 2 15 X 12 ft. each, 1 12 X 16 ft., 1 12 X 12 ft., 
2 10 X 12 ft. each, and 2 10 X 10 ft.? How much will it 
cost at $18 per M? 

6. M}^ house-lot is a corner-lot 4 rods by 8. What will 
the lumber cost for a 2 in. plank-walk, 6 ft. wide, at $18 
per M, with 3 b}- 4 in. scantling for stringers, the stringers 
to be laid crosswise, and so that each 12ft. plank shall rest 
on 4 stringers, the scantling costing $12 per M? 

7. Carpenters often charge by the square (10 by 10 ft.) 
for lading floors, ceiling, roofing, etc. What will the floor* 
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• 

ing of four rooms with 1 J in. plank cost at $20 per M for 
tiie plank, 75^ per square for laying, and 20 lb. of nails at 
3^ per lb., the rooms measuring respectively 18 ft. square, 
15 by 18 ft., 12 by 15 ft., and 16 ft. square? 

8. Mr. A. has a farm, two of whose sides are north and 
south lines J a mile apart. One of these sides is 60 rods, and 
the other 80. How many acres in his farm? 




449. Problem 6. — To find the area of a circle. 

If you cut out of a tough piece of cardboard a circle, then cut it in 
two on a diameter, and cut from 
the centre through almost to the 
circumference, as represented 
by the dotted lines, you can 
straighten the semicircumfer- 
ences out, and make two comb- 
like pieces, which you cau slip 
together and thus make a very 
perfect parallelogram. From ^___^^^_^.^.^_^^.^^.^^.^.^ 

this you will see that the area lUyii/l/l/iliHMU/in/ 
of a circle is the product of 
its radius into its semicircum- 
ference. 

Now, if the radius is r, we 
have learned that the circumference is 3.1416 X 2r, and the semicir- 
cumference 3.1416 X r. If we multiply this by r, we have 3.1416 
y^ A Thus we see that the area qf a circle is tlve square of the 
radius multiplied by 3.1416. 

1. What is the area in square feet of a circle whose diam- 
eter is 28 inches? What is the circumference? 

2. Two 5 in. stove-pipes run into a 7 in. pipe. Is the 7 
in. pipe large enough to carr}' the smoke of the two ? 

3. How many square feet in a circle 5 ft. 6 in. in diameter? 

4. What is the area in acres of a circular piece of ground 
whose circumference is 1 mile ? 



1 ' • 1 ,'l !\ l\ ' / ' ' '• 'I ' / / / 

I I 1 , 1 1 U 1 r I I / J M » I < I , I / I , < 

U / ir II ' 1/ II 1/ V V II II I w \i y 

t » » ' » f * > V < ' I I » » V ? 
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5. A horse is tied b}- a rope to a stake in a meadow. The 
rope being attached to his head, how long must it be so that 
he can graze over an acre ? 



450. Problem 7. — To find the amount of carpeting re- 
quired for a room whose dimensions are given. 

In order to do this, we must know which way the breadths are to 
run, the width of a breadth, and how much will be wasted on a breadth 
in cutting so as to match the figures. Often it is necessary to know 
whether it is practicable to split a breadth. When these facts are 
known, we find the number cf breadths which will be required^ and the 
length of a breadth including waste, and multiply the two together, 

1. How much carpeting, | ^'d. wide, will it take to carpet a 
room 18 ft. by 15 ft. if the breadths run lengthwise, and it 
wastes 6 in. on a breadth in matching ? How much, if the 
breadths run crosswise, and it wastes 2 in. in matching? 

2. What will it cost to carpet a room 14 ft. b}' 17 ft. with 
yard- wide carpeting at 89^ per 3'ard, which wastes 4 in. on a 
breadth in matching, if the breadths run crosswise ? What, 
if the breadths run lengthwise, and it wastes 6 in. in match- 
ing.'' 

3. Wall-paper is usually 18 inches wide, and 8 3'ards make 
a roll. How man}' rolls must we bu}*^ (we can bu}' onl}' 
whole rolls) to i>aper a room 16 X 18 ft. whose walls are 10 
ft. high, no allowance being made for doors and windows? 
What will it cost at 40^ per roll if an allowance of J be made 
for doors and windows ? 

Find how many strips of 10 ft. each it takes. 

4. How many rolls of wall-paper must we buy to paper 2 
rooms, one 12 X 16 ft. and the other 15 X 18, each 10 ft. 
high, there being 7 doors and windows in one room, and 6 in 
the other, each of which is 3^ ft. wide ; it being understood 
that the stri})s are not to be pieceil, but that the 4 ft. which 
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each roll will overran will piece out above the doors and 
windows ? 



451. Similar Figures are such as have the same shape. 

45 2 • The areas of similar plane figures are in Hie same ratio as 
the squares qf their like sides, or lines, 

1 . There are two fields of the same shape (similar) : one is 
10 rods on a certain side, and the other is 15 rods on the 
corresponding side. What is the ratio of their areas ? 

2. Two circles have their diameters respectivel}' 6 and 8. 
What is the ratio of their areas ? 

453. The volumes of similar solids are in the same ratio as the 
cubes of their corresponding edges, or lines. 

1. How many times as large as a 2 in. ball is a 3 in. ball? 

2. A cubical bin 5 ft. on an edge contains (practicall}) 
100 bu. How much does one 6 ft. on an edge contain? 10 
it. ? 4 ft. ? 

3. Which is the stouter (bulkier, " fleshier "), a man 5 ft. 
10 in. in height who weighs 175 lb., or one 6 ft. who weighs 
180 1b.? 

4. In the last example, what must be the weight of the 
6 foot man in order that he may have the same proportions 
as the other? 



454. Problem 8. — To find the volume of a right paraU 
lelopiped. 

(See 216.) 

1 . How many cubic feet in a pile of 4 foot wood (that is, 
sticks of wood 4 feet long) piled in the usual way, the pile 
being 32 feet long and 5 feet liigh? How many cords? 
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2. How man}' cords of wood in a pile of 4 foot wood 130 
ft. long and 6 ft. high ? 

Suggestion. — A convenient way lo solve such an example is 
this; — 

65 3 

iXiXS "8 ^' 

3. How man}' cords in a pile of 6 ft. wood 148 feet long 
and 8 feet high ? 

4. How nian}^ cords in a pile of wood 36 ft. long, 4 ft. 
wide, and 4 ft. high? When wood is piled in this way, how 
many feet in length of the pile does it take to make a cord ? 

5. Why does ^|^ give the number of cords in a pile of 
4 ft. wood 4 ft. high and 250 ft. long ? 

6. How many cords in three piles of 4 ft. wood, the first 
36 ft. long and 4 ft. high, the second 42 ft. long and 5 ft. 
high, and the third 20 ft. long and 6 ft. high? 

7. How many cords in a pile of 4 ft. wood 200 ft. long 
and 7 ft. high? How many, if the wood be 3 ft. long? 
If 2 ft. long? How many in each case, if the pile be 6 ft. 
high ? 5 ft. high ? 8 ft. high ? 

8. How much wood in a load consisting of 3 lengths of 
4 foot wood, the load being 3 ft. 2 in. wide and 2 ft. 6 in. 
high ? 

9. How much wood in a load consisting of 2 lengths of 
4 ft. wood, the average width of the load being 2 ft. 9 in. 
and the height 3ft.? 

10. How man}' cubic yards in a ditch ^ mi. long, and 
which averages 3 ft. deep and 4 ft. wide ? 

11. At 20^ per cubic yard what does it cost to excavate 
a cellar 20 ft. by 30 ft., and 6^ ft. deep? 

12. At 300 per cubic foot what cost a stick of timber 
15 J in. square and 20 ft. long? 
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13. What is the cost of digging a trench 650 ft. long, 
2^ ft. wide at top, and IJ^ fb. wide at bottom, and averaging 
3^ ft. deep, at 25^ per cu. yd. ? 

The average widtli is 2 ft. 

14. The end (cross-section) of a certain railroad tunnel is 
525 sq. ft., and the length of the tunnel g of a mile. How 
many cubic yards were removed in the excavation ? 

15. In a room 125 ft. by 90 ft., with ceiling 30 ft. high, 
and seating 2500 persons, how soon will the air have been 
all breathed, allowing 10 cu. ft. per minute for each person? 

16. Milwaukee bricks are 8J X 4J X 2f in. If it takes 
40000 common bricks (8X4X2 in.) for a particular 
structure, how many Milwaukee bricks will it take? 

17. Philadelphia and Baltimore bricks are 8J X 4J X 
2g in. How many such bricks would be required for the 
structure in Ex. 16? 



455* Doyle's Rule for calculating the amount of square- 
edged inch boai*ds which can be sawed from a round log is 
this : From the diameter in inches mbtract 4 ; the square of 
the remainder will he the number of square feet of inch 
hoards yielded hy a log 16 ft. in length,^ 

The yield of logs of the same diameter is in the ratio of their 
lengths. The log is scaled ; i.e. , its diameter is measured, at the top end. 

1. What is the boaixl measure of a log 16 ft. long and 
18 in. in diameter? One 20 in. in diameter? 30 in.? 

2. What is the board measure of a log 12 ft. long and 
2 ft. in diameter? 31 in. ? 40 in. ? 37 in. ? 

1 This rule, bo admirable in its simplicity, is the foundation of the table in 
Scribner's popular Lumber and Log Bookt which is said to have a larger sale than 
all other books of the kind together, and is a generally recognized standard among 
lumbermen. Nevertheless, in a scientific point of view, the rule is but a rude 
approximation. See the Author's Scibnce of Abithmbtic, p. 277, 
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3. What is the board measure of a log 18 fb. long and 
36 in. in diameter? Of one 15 ft. long? 10 ft. ? 20 ft. ? 

466. Scribner's, or tlie Jjumbennan's, Rule for comput- 
ing the amount of square timber yielded- by a given log. — 
Call ^ the sum of the extreme diameters the average diame- 
ter^ and § of this diameter the side of the log wlien hewn 
square. 

1 . How many cubic feet of square timber can be cut from 
a log 30 in. in diameter at top, and 36 at butt, and 48 ft. 
long? 

— r-^^ — =:33, the av. diameter; § of .33 = 22, side of square stick. 

^^21^?!^^ = ^ = 161.4, nearly. This is the result given in 

3 

Scribner. He usually '^ saves" the fractions in this table by reckon- 
ing the next unit. 

2. Compute the following bj' Scribner's Rule : Diameters 
24 and 29 in., length 35 ft. Diameters 20 and 32 in., length 
60 ft. Diameters 36 and 48 in., length 42 ft. 



457. Problem 9. r— To find the area of the surface and 
the volume of a right cylinder with a circular base. 

A Right Cylinder with a circular base (which 
is usually called simply a cylinder) is a solid 
which may be conceived as generated by revolv- 
ing a rectangle about one of its sides. The bases 
(or ends) of the cylinder are circles. The Alti- 
tude is the distance between the bases. TJie 
AiiEA of the surface (i.e., the convex sfurface), he- 
Hides the bases, is the circmiyference of the base 
multiplied by tlie altitude. The Volume is the area of the base mul- 
ilplied by the altitude. 
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The reasons for these rules are evident. The convex surface may 
be thought of as a thin film, which, taken off, could be spread out into 
a rectangle whcse base would be the circumference of the cylinder, 
and whose altitude, the altitude of the cylinder. As to the volume : 
as the area of the base is 3.1416 times the radius square, it may be 
thought of as a square of a certain size (say in inches), and then 
1 in. in depth would contain as many cubic inches as there were 
square inches in the base, etc. 



1 . How manj^ barrels of water does a cylindrical cistern 
contain which is 8 fl. in diameter and 8 fb. deep? 6 fb. in 
diameter and 7 ft. deep ? 

2. How many gallons of water does a pipe 3 in. in diame- 
ter discharge in an hour, if the current flows 200 ft. a 
minute ? 

3. The specific gi^avit}^ of green oak being .85, and a cubic 
inch of water weighing 252] grains, what is the weight of a 
green-oak log 2 ft. in diameter and 12 ft. long? 

4. How many cubic feet does a c^'lindrical vat contain, 
which is 20 ft. in diameter and 15 ft. deep? 



458. A Right Pyramid is a solid which 
has equal triangles for its faces, and its base 
an equilateral polygon. The Vertex is the 
point in which the triangles meet. Tlie Alti- 
tude is the perpendicular distance from the 
vertex to the base. Tlie Slant Height is the 
distance from the vertex to the middle of 
one side of the base. 

459. The Frustum of a pyramid is a 
portion of a pyramid included between the 
base and any plane cutting the p3rramid paral- 
lel to the base. Tlie Altitude and Slant 
Height are the portions of these lines of the 
pyi-amid pertaining to the frustum. 
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460* When the base of a Right Pyramid, or of 
a friistuin, passes into a circle, the solid becomes 
a Right Cone, or frustum thei-eof. 

461. Problem 10. — To find the area of 
the convex surface of a right pyramid or 
cone. 

Multiply the perimeter of the base by } the slant 
height. 

462. Problem 11. — To find the area of 
a frustum of a right pyramid or cone. 

Multiply ^ the sum of the perimeters of the bases by the slant 
height. 

463. Problem 12. — To find the volume of a right pyra- 
mid or cone. 

Take } the product of the base and altitude. 

464. Problem 13. — To find the volume of a fru^um of 
a right pyramid or cone. 

Multiply the sum of the two bases and a mean proportional be^ 
tween them by } the altitude. 

1. What is the convex surface of a right pyramid whose 
base is a polygon of 5 sides, each of which is 10 ft., and 
whose slant height is 14 ft. ? 

2. What is the volume of a p3'ramid whose base is a pol}'- 
gon of 4 sides, each of which is 200 ft., and whose altitude is 
150 ft.? 

3. How man}^ barrels will a cistern in the foim of an 
inverted frustum of a right cone contain, the diameter of 
the bottom being 8 ft., of the top 10 ft., and depth 7ft.? 

465. Problem 14. — To find the area of the surface and 
tJie volume of a sphere whose radius is given. 
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The area of the surface is 4 times the area of a circle with the 
same radius. 

The volume is the product of ^ the radius into the area of the sur* 
face. 

1. Find the area of the surface and the vohime of the eaiih, 
its diameter being 7958 miles. 

2. What is the area of the surface, and what the volume, 
of a sphere 2 ft. in diameter? 



STRENQTH OF BEAMS. 

466. The Strength {power to support weight) qf rectangular 
Beams, supported at both endSf is in the ratio qf their cross-sections 
{ends), multiplied by their deptJis. 

1. How much stronger is a 3 by 4 in. beam when set on 
edge than when lying flat ? A 2 by 8 ? A 2 J by 10 ? 

2. Which is the stronger beam, one 6 in. square, or one 
2 J b}'' 10 in., set on edge? What is the ratio of their 
strengtlis? 



467. THERMOMETER SCALES. 

1. The scale of the common thermometer (FaJirenheit) is 
divided into 180** between the freezing ix)int (32®) and the 
boiling point (212**). The Centigrade scale is divided into 
100% from freezing (0°) to boihng (100**). What is the 
relative length of tlie degrees ? 

2. When the temperature is 68° F., what is it Centigrade? 
When 85° F., what is it C. ? When 20® below 0, or —20® F., 
what is it Centigrade ? 

3. 29° C. is what F. ? 30° C. ? —18® C. ? —15® C. ? 
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2. I of 41 X. 25. 

3. l.SSJ X 4J -i- I 



nj 

■ 128 

■ (5J + 3) X (2-?). 
4-S Sj+i 



- 6.25. 



54 + 2} 
•4.5-li- 

'i XI , 8-t 
• oj J of 7' 

(of 1.25 -^^'Ts)- 
5.8 -;- .002 ■ .45 
1.6 "*" 5 ■ 
1 .*- .0001 „ .,^ 



J of 13 
500 -:- (} of .066) 
■ (Jof.7) + (4-a)' 
.3 + .03 -i- .003 

3.5 -i- .07 
56 -*- .007 .02 



i of .04 '20 
( j + 4.2)-i-(.125xi) 
.375 X (! — .16!) ■ 
1 - t ,- 1 + i 
1+i 1+i 
^5X 1.02. /-l .0Q5\ 



3.7 



K4- 



J \6i 50 y 

1.05 + .506 ^ 



.43 — .005 

(S-.5). 
20. (.0008-+ .008) X 10000. 



20O 



2.12^ 



-^H- 
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22. 1^:9921 + 3i. 



23. 



4 — .002 . .04-^.0002 



+ 



.Oli 



3-=- .03 

24. -7=-f— 7= + 
V.36 + V.16 ^ 

V.4 + .9 



V.36 — .16 



25. ^i -^ ^il . 
Vj X V5* 

26. V^ : VIrrV? : ? 

^.. V4T9 + V3^ 
2/. . — ^ ^ — « 

\/.25 — V .01 
2g V70Q36 4- V490" 
' V:025 — V:0025* 
29. Vl6 X Vi, and Vl6 

+ "Vi- 
se. Is Vl6 X V4 == 

Vl6 X 4? 

31. Is V^ + V4 = 

Vl6 + 4? 

32. Vf X Vf X V| X V^. 

33. Vf+V5+V|+V|'. 

34. 5i : 3i^ :: § : ? 

35. f : li :: 8 : ? 

36. Why is f : t :: J^ : ? 

the same as J X | X 

37. V|: V|:: 10: ? 

38. .05 : 3 :: 1.02 : ? 

39. .4 : ? :: 6i : .03. 



40. ? : .001 :: .02 : .3. 

41. 4.02 : l.OOJ:: .Of? 

42. \/2i + V4I 

43. V2J X V4|. 

44. V16 ^ Vi, and Vi'6 

— \/4. 

45. Is Vl6 -f- V4" = 

46. IsVl6 — V4 = 

VI6 — 4? 

47. V| ~ Vf . 

48. V| — ■ Vf 

49. Vi-i : V2f ::6 : ? 

50. li : 2| :: 36 : ? 

What is the relation between 
the answers to the last two? 
Why? 

51. 5 :_y^ :: V.I5 : ? 

52. V.8 : 3 :: VET : ? 

53. V|: V^:: Vf: ? 

54. \^i'x^~Xi = ? 

Are the answers to the last 
two alike? Why? 

55 ^* + ^^ 
5>~=~.025- 

56. V."()()2 : V^OOl :: V7 : ? 

57. Vio : V5":: Vf : ? 

58. V| X V|. 

59. Vf+Vf 

01' 



60 



4 ' a 
1 .005 -?- .( 

\ 3 -- 2.0 
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61. 
62. 
63. 
64. 

65. 
66. 



( 4j-3^) (.2 + 3) 
.3 (5.6 -T- .07) • 

(3-^)^ (1-1 ) 

.04 (1 — .05) 

(4-^.04) (4 — .04) 

(3 X .03) (3 +.03)' 

2.08 -^ (1 — 1) • 

(2+0-(Jofi)- 

1 3 

2X3J : (5 — IJ) :: ? 



iof ? 



67. (2-1) 

68. 
69. 



^ 



f of| 



70. 
71. 

72. 
73. 

74. 

75. 
76. 



(U — I) -^(-02— .002). 
5j X 2 § . 

T:rro2 "^ •^^^• 

(S)-: (lf)»:^8: ? 
(5^)2 ^ (V2.5 X 

(4|)«-i- (.12)2 X VX 
(2.01)2+(5.3)»~(2i)«. 

r5 ^ 2i X 13+i 

V3".6— VTe , [ "IJ" 

(S)^~V| Npfl* 
§ of $5 is what part of 
£4> 



77. J of § of 1] yd. is what 

part of 21™? 

78. i of 7i fl. is § of how 

man}' meters ? 

79. 5i^« is what part of 10 

lb.? 

80. 7^ dg is what part of 

10 gr. ? 

81. 4s. 6d. is what part of 

82. 5§" is what part of $2^? 

83. 14|lessi-^i!^is§ofJ 

of what number? 

84. Divide 7^ into 3 parts, 

which shall be to each 
other as IJ, Ij, and 2. 

85. Divide 12 into 3 parts, 

which shall be to each 
other as ^, |, and 2.1. 

86. Divide 9 into 4 parts, 

which shall lie to each 
other as 2.5, 1.1, A 



2' 



and 31 . 



87. Divide $1250 into 3 parts, 
which shall be to each 
other as § of 6, J of 
20, and f of 14. 



88. Divide $3800 into 4 parts, which shall be to each other 
as 2 X 60, 3 X 50, 4 X 35, and 7 X 16. 

89. Does it increase a proper fraction, or diminish it, to 
extract its lOot? Why? 
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90. Does it increase a proper fraction, or diminish it, to 
involve it to a power ? Wh}^ ? 

91. Answer the last two questions with reference to an 
improper fraction ? 

92. f of 3| liquid gallons is what part of .5 bu. ? 

93. 2.6Ms what part of § of 5 gal. ? 

94. 4 mm is what part of .01 in. ? 

95. 25^^ is what part of 10 bu. ? 

96. 3.2" is what paii; of 1 rod? 

97. A is 1.6™ in height, and B 5 ft. 10^ in. What is the 
ratio of their statures ? 

98. What is the ratio of 3 ij to 4^? 

99. What is the difference between a of 4J X jf X 1^5 of 

I of £43 18s. ll]d., and 3| X t^j of .56 of 1.75 X 6j 
times $97.18? 

100. Reduce ? of 4J X 7| X r^ of J of 3 oz. 4 dr. 2 scr. 

19^ 

5 gr. to the decimal of ^ of .63 of 2f J X A of 6^ times 7 
lb. 3 oz. Av. 



469. ONE HUNDRED TEST EXERCISES IN 

APPLIED ARITHMETIC. 

1. What per cent is 5 of 25? Of 10? Of 43? 

2. Of what number is 11 6% ? Of what 10% ? Of what 

7%? 

3. I send an 8% note for $1000, dated July 1, 1876, to 

Buffalo for collection. The maker of the note, having gone 
into bankniptc}', paj's only 75^ on $1 . The note is collected 
by m}' broker, April 30, 1877. What does he remit, char- 
ging j % for collecting ? 

4. The bank is discounting at H%. I wish $200 for 60 d&. 
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For what must the note be made ? What for S350 for 30 da. 
at 10% ? For $250 for 90 da. at 5% ? 

5. I send a 6% note for $500, dated May 10, 1875, with 
an indorsement July 1, 1876, of $150, to a broker in Chi- 
cago for collection. He collects it March 10, 1877, and 
charges me J % for collecting. What does he remit to me ? 

6. A real-estate broker received $2593.75 for the purchase 
of land. Reserving 32% commission on the purchase, 
what number of acres of land could be bought at $125 \}er 
acre? 

7. If I bu3^ bonds for 85 cents on a dollar which pa}' 3% 
semi-annual interest on their face, what per cent per annum 
does this give me on my investment, money being worth 
10%? 

8. What will be the duty in our currency on a case of silk 
mantillas, invoiced in Paris at 13950 francs, the rate of dut}*^ 
60% ad valorem/ 

9. I invest $2000 in certain goods, which I sell at 50% 
advance, but at a cost of 3% on the sales for selling. Allow- 
ing 5% loss by selUng on credit, what per cent do I make 
by the transaction ? 

10. How long does it take a principal to double at 6%? 
7%? 8%? 10%? 

11. How long does it take a principal to double itself at 
compound interest at5%? At 10%? At4%? 

12. $5600. Philadelphia, Jan. 11, 1871. 
For value received, on demand, I promise to pa}' James 

Jones, or order, five thousand six hundred dollars, with 
interest, without defalcation. John Smith. 

Indorsements: May 19, 1871, $500; Sept. 5, 1871, $200; 
Jan. 1, 1872, $300; April 17, 1872, $150. 

What is due Jan. 11, 1873, by the United-States-Court 
Rule ? What by the Merchant's Rule ? 
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13. At what per cent will $240.80 amoiint to $325.08 in 
5 yr. 10 mo. ? 

14. At what per cent will a given principal double in 12 
yr. ? In 15 yr. ? 

15. What principal will amount to $1617 in 3 yr. 6 mo. 
15 da. at 8%? 

16. Suppose an annual premium of $68.25 is paid for 
Insuring a bouse worth $2275, what per cent is paid? 

17- At a rate of 1J% a year a warehouse is insured 
for I of its value, pajing thereon a premium of $202.50. 
What is the whole value of the warehouse ? 

18. A tax of $50,000 net is to be raised in a certain citv 
on a valuation of $2,000,000. Supposing 3% to be uncol- 
lectible, and allowing 5% for collecting, what tax must be 
levied? What will be a man's tax who is assessed on 
$3500 ? 

19. If the propert}' in the cit}^ of Cleveland be assessed 
at $70,000,000, what must be the tax on each dollar to raise 
$294,000 for school puqooses ? At two-tenths of a mill on 
each dollar how much will be raised for the support of the 
librar}' ? 

20. What per cent annual interest do I make by investing 
in railroad stock at 75, which pa3's 3% semi-annually, allow- 
ing 6% on the mid-year payment to the close of the j-ear? 

21. I bought 25000 feet of boards at $12.25 ixjr thousand, 
and sold ^ of them for what § of the whole cost. What per 
cent did I gain on the part sold ? 

22. A merchant bought goods at 25% below their nominal 
price, and sold them at 20% above, thereby making $1920. 
How much did he invest ? 

23. I mark down 10% from the retail price goods which I 
was selling at 25% advance on cost. At what per cent 
advance on cost do I now propose to sell them ? 

24. In consequence of a rise of a certain article in the 
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market, I mark up 5% on my former retail price goods 
which I was selling at 20% advance on cost. At what |)er 
cent profit do 1 now proix)se to sell them ? 

25. A New- York bank in which I hold stock declares a 4% 
dividend. I draw a draft for the amount due me, and sell it 
at 1% premium in Omaha, receiving $707. How many 
shares do I own ? 

26. A bought 230 bales of cotton, each bale containing 
4o0 lb., at lOf cents a pound, on a credit of 9 mo. He sold 
the cotton immediately for $12000 cash, and paid the present 
worth of the debt at 8%. What was his gain? 

27. At what must cloth be bought to sell it at $9 per yd.y 
and make 12^% profit? 

28. A jeweller has a watch which cost him Si 50. He 
wishes to mark it so that he can fall 5% on the asking price, 
and still make 20%. How must he mark it? 

29. A bookseller sells a book for $1.20, and makes 25% 
thereby. What would he have made had he sold it at $1.28? 

30. When f the selling price equals the cost, what per cent 
is made ? When J the selling price equals the cost ? When 
the selling price is | of the cost, what per cent is lost ? 

31. How much water must be added to 1 gal. pure alcohol 
to make a mixture 75% alcohol? How much, to make one 
50%? 40%? 

32. A railroad has been constructed through a farm, mak- 
ing it necessary to build fences at a cost of $750, which must 
be renewed every 15 years. What should the owner receive 
to meet this expenditure, at 6% compound interest? 

33. If a square orchard contains 2916 trees, how many 
are in a row on each side? 

34. A man has a rectangular board 128 in. long and 32 
in. wide, from which he makes a square table as large as 
ix)ssible. Required its length, no allowance being made for 

sawing. 
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35. What would it cost to enclose a square lot containing 
lt)0 acres, with a fence costing at tlie rate of $4 per rod? 

36. What cost 3 piles of 4 foot wood, one 58 ft. long and 
5 ft. high, another 70 ft. long and 5^ ft. high, and the other 
65 ft. long and 6 ft. high, at $5.50 per cord ? 

37. I have a cylindrical cistern 6 ft. deep and 6 J ft. in 
diameter. How much shall I increase its capacit}'^ if I in- 
crease each of its dimensions 25% ? 50% ? 100% ? 

38. How much is a rectangular bin increased in capacit}' 
by increasing two of its dimensions 10% ? B\' increasing all 
three of its dimensions 10% ? If I double two of its dimen- 
sions ? If I double all three dimensions ? 

39. Suppose a rectangular field to be three-eighths of a 
mile in length, and one-fourth of a mile in width. What dis- 
tance will be saved by walking directly from any corner to 
the corner diagonall}^ opiX)site, instead of going by the line 
of the fence from the one point to the other ? 

40. A ladder 30 ft. in length was found to reach just to 
the eaves of a building when its foot was 12 ft. from the 
foundation. What was the height of the building ? 

41. The eaves of a house are at the same height, and 30 
feet apart. The ridge-pole is 12 feet higher than the eaves, 
and just midwa}' between them. The house is 40 feet long. 
How many shingles will it take to cover the roof, if each 
shingle covers a space 6 inches long and 4 inclies broad ? 

42. A third-pitch "square roof* is to be put on a rec- 
tangular house, 36 by 42 ft., with a flat deck at top 8 
ft. above the plates. What will be the size of the deck, 
what the length of the side rafters, and what the 4 corner 
raftprs? (See p. 335, Ex. 7.) 

43. How many revolutions in a minute does a 6 foot drive- 
wheel of an engine make when the engine is running at the 
rate of 30 mi. an hour? 

44. If a ball 1 foot in diameter weighs 100 lb., what is the 
weight of one 3 feet in diameter, iivad<i ot \\\^ ^^\«v^ tsv-ssXrxns^- 
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45. How large a square can be cut from a circle 36 in. in 
diameter ? 

46. How large a cube can be cut from a sphere 2 ft. m 
diameter ? 

47. If a solid globe of 4 in. diameter weigh 20 lb., what 
will one of the same material 6 in. in diameter weigh ? 

48. How many boxes of common double tin, 100 12 X 17 
in. sheets in a box, will it take to cover a hemispherical 
dome of 20 ft. diameter, allowing ^ in. lap on end and side 
of each sheet? 

49. What is the area of a trapezoid whose parallel sides 
are 30 and 50 rods, and whose altitude is 40 rods? 

50. What' is the diameter of a sphere whose surface is 
100 sq. ft.? 

51. What is the diameter of a sphere whose volume is 
150 cu. ft. 

52. The sun*s diameter being 852573 mi., and the earth's 
radius 3979 mi., how many times as large as the earth is the 
sun? 

53. The diameter of the moon being to that of the earth 
as 3 ; 11, what is tlie relation between their volumes ? 

54. What is the xliameter of a grindstone when it is J 
worn away, its original diameter having been 2 ft. ? What 
when § worn ? When J worn ? When * ? J ? 

oi). If a ball of thread is 4 inches in diameter, what will 
be the diameter in each of three conditions, — when i, ^, and 
2 of it are wound off? What part of the thread will be left 
when tlie diameter is reduced to 2 inches? 

56. When Gen. Tom Thumb (Charles S. Stratton) was 5 
j-ears old, he measured 2 ft. in height, and weighed 16 lb. 
What would be the weight of a man of similar form who 
was 6 ft. tall? 

57. What are the dimensions of a i-ectangular box con- 
taining 3000 cubic feet, the dimensions being to each other 

as2,3,aiul4? 
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58. How man}' j-aixls of carpeting | y(\. wide must I bin- 
to carpet a room 20 by 25 feet, the strips nmning lengthwise 
of the room, and tliere being 4 inches waste on each strii) in 
matching? 

59. I sell 12 logs at $10 per M, board measure. Six 
logs are 12 ft. long, and six 14 fb. The first scale 28 in., 30 
in., 40 in., and three 32 in. ; the others, two 30 in., three 35 
in., and one 20 in. What do the logs bring me, reckoning 
b}' Scribner*8 " Log Book '* ? 

60. How many cubic feet of hewn timber in 3 logs meas- 
uring 15 ft. long, 21 and 25 in. in diameter ; 20 ft. long, 26 
and 30 in. in diameter ; and 32 ft. long, 30 and 36 in. in 
diameter, measui-ed by Scribner*s nile? 

61. How many minutes will there be in the month of 
February, 1880? 

62. A lad}' bought 6 silver spoons, each weighing 3 oz. 
3 pwt. 8 gr., at $2.25 an ounce, and a gold chain weighing 
14 pwt., at $1.25 a pwt. What was the cost of both spoons 
and chain ? 

63. What is the difference between 32 liters and a bushel? 
What is the difference between a baiTel and 1^^ hektoliters? 

64. How many gallons does a tub 18 in. deep contain, 
whose top is 16 in. in diameter, and bottom 20 in. ? 

65. If telegraph-poles are 66 ft. apait, and a train passes 
one every 3 sec, what is the rate in miles per horn*? 

66. A physician having 1 lb | iij 3 iv 3 ij gr. xij of a 
certain medicine, put it up in gr. xx packages. How many 
did it make? 

67. The United-States ''Trade Dollar" (silver) weighs 
420 gr., and the common half-dollar 12.5*. How much 
more is the trade dollar actually worth than two common 
half-dollars ? 

68. How many bushels in a bin 3.2™ long, 1"" wide, and 
2™ deep. How many hektols? How many kilogs of wlLea.t 
will it contain at 60 lb. to the bvisVieV^ 



358 REVIEW. 

69. Cleveland, 0., is in longitude 81^ 47' W., and Boston 
in 71** 4' 9" W. When it is 5 a.m. at Boston, what time is it 
at Cleveland ? 

70. What is the difference In longitude between two places 
whose difference in time is 52 min. 18 sec. ? 

71. In crossing the State of Michigan from Detroit to 
South Haven, which are nearly on the same parallel, I find 
m}' watch, which is set to Detroit time, 12^ min. fast at 
South Haven. Now 51 mi. make a degree of longitude on 
this parallel. What is the width of the State at this point? 

72. The si)ecific gravity of milk is 1.032. What does 
1^» weigh? 

73. A pail containing 1"^' of cider is filled, and the cider 
found to weigh 10.18*^*. What is the specific gravity of 
elder ? 

74. One raillil of sulphuric acid is found to weigh 1.842*. 
What is its specific gravity? 

75. The specific gravity of linseed-oil is .94. How much 
would a cask of 2^' weigh? 

76. I find that a liter of alcohol weighs 8^. What is its 
specific gravity ? 

77. The specific gravity of cast iron being 7.25, what is 
the weight of a 12 in. cast-iron shell (hollow sphere)^ the 
shell being IJ in. thick? 

78. The specific gravity of iron being 7.25, what Is the 
weight of a 10 in. cast-iron cannon-ball? 

79. Tlie specific gravity of common loose earth is about 
1.5. A cubic yard makes a good-sized load* for a span of 
horses. What does it weigh? 

80. The specific gravity of common rocks is about 2.5. 
What is the weight of the earth if its material averages the 
same? 

81. Required the time of day, provided the time past noon 
equals ^ of the time to midnight. 
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82. A quantity of flour lasts a man and wife 9 days,' and 
the wife alone 27 days. How long would it last the man 
alone ? 

83. If a 2 in. pipe will fill a cistern in 6 hours, how long 
will it take a 3 in. pipe to fill it, the water flowing at the 
same velocity ? 

84. A agreed to labor for $2.50, on condition that he should 
forfeit 50^ ever^^ day he was idle. At the end of 100 days 
he received $190. How many days was he idle? 

85. A and B together can do a piece of work in 6 days ; 
but B alone requires 10 daj^s to do it. In what time can A 
do it alone ? 

86. Three men, A, B, and G, agree to do a certain piece 
of work. A and B can do the work in 6§ days, B and C 
in 12 days, and A and C in 10 days. How long will it take 
each separatel}^ to do it? 

87. In a mixture of gold and silver consisting of 100 oz. 
there are 6 oz. of silver. How much gold must be added 
that there ma}'^ be f oz. of silver to 10 oz. of gold? 

88. A man bought a bar of gold at $192 per lb. and sold 
it for $16 per oz., weighing it in both cases by avoirdupois 
weight. How much did he gain, the true weight of the bar 
being 5 pounds? Did he gain, or lose, by selling by avoir- 
dupois instead of troy ? 

89. French coin is of the same fineness as our own. A 
franc is 19.3 cents. Our gold dollar weighs 25.8 gr., and 
our silver dollar 420 gr. What is the weight of a silver 
franc in gram*? Wliat of a Napoleon? 

90. When the temperature is 80° F., what is it C. ? Blood- 
heat is 98° F. : what is it C. ? —28° F. is what C. ? 

91. 57° C. is what F. ? —18° C. is what F. ? 

92. What day of the week was the 4th of July, 1776? 
What day of the week will it be in 2000 ? 

93. On what day of the week were you born? 
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94. On what day of the week will Chiistmas come this 
3'ear ? What the 4th of July ? 

95. If 20 yards of cloth, 1 yard wide, shrink 4% in length 
and 5% in breadth by sponging, what will be the loss in 
square yards ? 

96. At the breaking out of the late Franco-Prussian war 
the German government made a 5% war loan, which was 
taken at 88 ; and the French a 3%, which was taken at 65^. 
Which paid the higher rate of interest, assuming that both 
ran indefinitely? Which, if the loans ran only 10 years? 

97. Calling the diameter of the earth 7912 miles, and the 
height of the highest mountain 28000 feet, what elevation 
would represent the mountaiu'on an aillficial globe 2 feet in 
diameter? 

98. Bought cranberries at $4.80 per bushel, and sold 
them at 15^ per qt., measuring them out by liquid measure, 
whereas I bought them by dry measm*e. What per cent was 
my profit? 

99. Compare the amount of a $500 10^ note running 4 
yr. at simple interest, annual deferred int. and compound int. 

100. How much must I invest in United-States 4% bonds 
at 102 J to give me a quarterly income of $500? 
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ERATOSTHENES* SIEVE. 

1. To find the prime numbers between any given 
limits. — Write down all the odd numbers, 1, S, 5, 7, P, etc. Over 
every third from S write S; over every fifth from 5 write 6; over every 
seventh from 7 write 7; over every eleventh from 11 write 11; and ho 
on. Then all the numbers which are thus marked are composite, and 
the others, together with t, cere prime, (Why ?) 

Also, the figures thus placed over are the factors of the nuinbers 
over which they stand. (Why ?) 

Ex. — Find all the prime numbers less than 100, 



1 


3 


5 


7 


3 

9 


11 


13 


8.6 
15 


17 


19 


8.7 
21 


23 


6 

25 


3 

27 


29 


31 


8.11 

33 


6.7 

35 


37 


3.13 

39 


41 


43 


3.6 

45 


47 


7 
49 


3.17 
51 


53 


6.11 

55 


3.10 

57 


59 


61 


3.7 

63 


6.13 
65 


67 


3.23 
69 


71 


73 


3.6 

75 


7.11 
77 


79 


3 

81 


83 


6.17 

85 


3.20 

87 


89 


7.13 
91 


3.31 

93 


6.19 

95 


97 


3.11 

99 











Hence, rejecting all the numbers which have superiors, the primes 
less than 100 are 1, 3, 5, 7, 11, 13, 17, 19, 23, 29, 31, 37, 41, 43, 47, 53, 
59, 61, 67, 71, 73, 79, 83, 89, 97, together with the number 2. 

This process may be extended indefinitely, and Is the method by which primes 
are found even by modern computers. It was invented by Eratosthenes, a learned 
librarian at Alexandria (born B.C. 275). He inscribed the series of odd numbers 
upon parchment, then, cutting out such numbers as he found to be composite, his 
parchment with its holes somewhat resembled a tieve : hence this method is called 
" Eratosthenes* Sieve,** 
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GENERAL METHOD OF FINDING THE GREATEST COMMON 

DIVISOR. 

This rule is based on the two following principles : — 

2. Pkop. 1. — A divisor qf a number is a divisor of any number 
qf times that number. 

This is self-evident, since, if a is contained in 6 c times, it is contained in 2l> twice 
as many times, inSbZ times as many times, etc. 

3. Prop. 2. — A divisor of any two numbers is a divisor of their 
sumy and also of their difference. 

This is also self-evident. Thus, if a is contained in m 5 times, and in n 3 times, 
it is evident that it is contained in their sum 8 times, and in their difference 2 
times. 

4. Rule. — To find the G, C, D. of two numbers^ divide the 
greater by the less, and this divisor by the remaindery continuing to 
divide the last divisor by the last remainder until there is no remainder, 
Tlie last divisor is the G. C, D, sougM. 

Demonstration. — In order to demonstrate this 
rule, let us find the G. C. D. of 42 and 138. Performing *^ M2? ^ ^ 
the operation according to the rule, as in the margin, -^ \ 42 r S 

we are to prove that 6 is the G. C. D. of 42 and 138. 36 

As 42 is its own G. D., if it divides 138 it is the G. C. ~6 ) 12 ( 2 

D. sought. Trying it, we find a remainder 1^. Now 12 

any divisor of 42 is a divisor of 3 times 42, or 126 (Prop. ""* 

1) , and any divisor of 126 and 138 is a divisor of their difference 12 (Prop. 2) . Hence 
the G. C. D. sought cannot he greater than 12. Moreover, any number which divides 
12 and 42 divides 138, which is the sum of 12 and 3 times 42 (Props. 1 and 2). Thus 
the question is reduced to finding the G. C. D. of 12 and 42. 

In like manner we can reduce it to the question of finding the G. C. D. of 6 and 
12. But this is 6. Hence 6 is the G. C. D. of 42 and 138. 

Ex. 1. —Find the G. C. D. of 9131 and 13133. 

An arrangement like that in the margin will he found 
convenient in performing the divisions. Placing the first 
divisor, the smaller number, on the right, divide and write 
the quotient at the right of both. Thus 9131 is contained 
in 13133, 1 time, with 4002. Now, using this remainder as 
divisor, we continue the work as in the margin. 



Opeb 

13133 
9131 


ATlON. 
9131 

8004 

1127 
621 

506 
460 

46 
46 


1 
2 


4002 
3381 

621 
606 


3 
1 

1 
4 


115 
92 


2 
2 


23 
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2. Find the G. C. D. of 4420, 3094, and 1326. Of 1445, 1190, and 
204. 

The common method of sohing such problems is to find the G. C. D. of the two 
hast numbers, and then of this G. C. D. and the next larger of the numbers, etc. 
But familiarity with the principles on which the operations ore based will suggest 
better ways. Thus, for the above, we have the following : — 



5,8 
2 

2,5,2 



4420 


3094 

1547 
1326 


1326 

663 
663 


2 


2210 
2210 


2,3 
10 



221 
_2 

442 = G. C. D. 



1445 
1360 


1190 
1020 


204 
170 

34 
34 


85 
68 


170 
170 



17 = G. C. D. 



In the first of these we reserve the evident common factor 2 as a factor in the 
G. C. D. sought. Hence we have to find the G. C. B. of 663, 1547, and 2210. Divid- 
ing 1547 by 663, we reduce the problem to finding the G. C. D. of 663, 221, and 2210. 
Then, as 221 is found to be the G. C. D. of these, 221 X 2 = 442 = G. C. D. sought. 

In the second, the problem is first reduced to finding the G. O. D. of 204, 170, 85. 
Then, as 85 is found to be a divisor of 170, it becomes a question between 85 and 204. 
The order of operation in this case is, 1190 -*- 204; 1445 -i- 170; 170 -i- 85; 204 -i- 85; 
85-S-34; 34-*- 17. 

The student will have no difficulty in applying this method of finding the 0» C. D. 
of several numbers^ if he is careful to mark at ea^h step what numbers are now to 
be examined^ and always divides first by the least number, proceeding in order 1o 
the greatest under comparison. 



LEAST COMMON MULTIPLE. 

5. Rule. — I. Write the numbers in a horizontal line, and divide 
hy any prime number that xcill divide two or more of them without 
a remainder, placing the quotients and numbers undivided in a line 
below. 

II. Divide this line as before, and thus proceed till no two numbers 
are divisible by any number greater than 1. TJie continued product of 
the divisors and numbers in the last line will be the L. C. M. of the 
numbers. 



Ex. 1. —Find the L. C. M. of 45, 81, 96, and 35. 

Applying the rule to the solution of this example, 
wc have the work in the margin. 

The principle is the same as given in the text. 



5 )45 81 96 35 

3 )9 81 96 7 

3 ) 3 27 32 7 

1 9 32 7 



5.3.3.9.32.7 = L.G.\S.. 
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2. Find the L. C. M. of 54479 aiid 35741. 

In this caae it is not easy to diBcern a common factor, if the numbers have one. 
Wo may ttierefore apply the method for Anding the G. C. D. Having found the 
G. C. D., we can divide the smaller number by it, apd find the factor by which the 
larger number Is to be multiplied, In order to give a product which will contain 
the smaller. 

3. Find the L. C. M. of 31861, 88409, and 63269. 



PROGRESSIONS. 

6« An Arithmetical Progression is a series of numbers 
which increase or decrease by a common difference, as 8, 5, 7, 9, 11 ; 
or 28, 23, 18, 13, 8. 

7« The Last Term of an increasing arithmetical progression 
is evidently equal to the first term + the common difference taken as 
many times as there are terms less 1. Thus the 5th term of the Ist 
series above is 3 + 4 times 2 = 11. 

The last term of a decreasing arithmetical progression is equal to 
the first term — the common difference multiplied by the number of 
terms less 1. Thus the 5th term of the 2d series above is 28 — 4 
times 5 = 8. 

8. The Sum of an arithmetical progression is ^ the sum of the 
extremes multiplied by the nimiber of terms. 

This will be evident from an In- 8+ 6+ T+ 9 4-11 = sum. 

spection of this operation. Hence the 11 4- 94- 74- 64- 3:= sum. 

Sum = {^^) X 5 = 35, the Sum £4 "^Tu -|. u -f " + M « twice the sum. 
of the Series. 

Ex. 1. — First term 7, common difference 4, series increasing, find 
the 10th term and the sum. 

2. First term 134, common difference 7, series decreasing, find the 
8th term and the sum. 

3. A 10% note for $300, bearing annual interest, has been running 
8 yr., and no interest has been paid. What is due, allowing simple 
interest on the defen-ed payments of annual interest ? 

The 8lh year's interest is $90, the 7th $33, the <kh i^36, etc. Hence the interest 
is an arithmetical progression of 8 terms, of which 30 is the lirst, and 3 the com. diff. 

(51 4- 30 \ 
— Y — ) X 3 = 324. Amount of note, $024. 
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9, A Greometrical Progression is a series of numbers which 
increase or decrease by a common multiplier, called the rate. If the 
rate is more than 1, the series is increasuig; if less than 1, it is 
decreasing. Thus 3, 9, 27, 81, 243, is au increasing geometrical pro- 
gression, rate 3. 6561, 729, 81, 9, is a decreasing geometrical progres- 
sion, rate ^. 

10. The Last Term of a g.eometrical progression is the first 
multiplied by the rate raised to a power whose index is 1 less than the 
number of terms. This appears when we consider that the 2d term 
is the first multiplied by the rate, the 3d is the first multiplied 2 times 
in succession by the rate, etc. 

!!• The Sum of a geometrical progression is the difference 
between the last term multiplied by the rate and the first term, 
divided by the rate — 1 if the series is increasing t and by 1 — the rate 
if it is decreasing. 

Thus, taking the series 3, 9, 27, 81, 243, of which the rate is 3, the sum is 
^ r — , or — 3 — 2= 363. An inspection of the following will indicate the 

3 — 1 A 

reason for the rule — 

729 4- 243 -H 81 + 27 -f- 9 =3 times the sum. 
243 -i- 81 -i- 27 -I- 9 -H 3 = the sum. 



Again, 



729 — 3 = (3 — 1) times the sum. 

6661 4-729 + 81 + 9 = the sum. 
729 -I- 81 4- 9 -f- 1 = ^ the sum. 

6561 — 1 = (1 — ^) times the sum. 

Ex. 1. — First term of a geometrical progression 7, rate 4. What 
is the 8th term ? What the sum ? 

2. First term 6250, rate \. What is the 6th term? What the sum? 
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DIVISION OF UNITED-STATES PUBLIC LANDS. 

12. When a new territory is to be surveyed, the first thing the sur- 
veyor does is to run one or more north and south lines through some 
convenient pai*ts of it. These are run with great care, are carefully 
marked by posts, stones, marks upon trees, or other means, through- 
out their entire length, and are called Principal Meridians. In a 
similar way one or more east and west lines, called Base Lines, are 
run and marked. After this the whole country is checked up into 
townships by running north and south lines parallel to the principal 
meridian, and six miles apart and east and west lines in a similar 
manner parallel to the base line. The north and south rows of 
these townships are called Ranges, and are numbered east and west 
from the principal meindian. The townships in each row are num- 
bered north and south from the base line. Thus in Ohio the west- 
ern boundary of Pennsylvania is the eastern principal meridian from 
which ranges are numbered up to Range XX. West, which reaches 
the western boundary of Huron County.- Again: the western bound- 
ary of Ohio is another principal meridian from which ranges are 
numbered eastward to Range XVII. East. The base line in this 
State runs along the southern boundary of Paulding, Seneca, and 
Huron Counties. From this line townships are numbered, as Town 
1 North, Town 2 North, etc. ; Town 1 South, Town 2 South, etc. 
Townships are designated thus: T. 2 N., R. 4 E.; T. 8 S., R. 5 W., 
etc. The first of these is read, " Town 2 North, Range 4 East,*' and 
locates Brown Township in Paulding County, 6 miles north of the 
base line, and 18 miles east of the west meridian, or west Hue of 
the State. 

The base line in Michigan runs along the north line of the second 
tier of counties; viz., Wayne, Washtenaw, etc. The principal merid- 
ian commences at the Ohio line, and runs north between Lenawee 
and Hillsdale Counties. The namea which we apply to the townships 
form no part of a description of them as given in deeds: such 
description is by range and number. Sometimes (usually) the politi- 
cal divisions we call townships correspond to these surveyed and 
recorded towns: but often other divisions are made for political pur- 
poses; otherwise all the townships would be regular (except those 
along lake and river boiuidaries, etc.). 

The following cuts illustrate the division of a township into sec- 
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■tions and the subdivisions of sections. These sections are design 
nated by number, beginning at the north-east corner, and numbering 



A TOWNSHIP. 
N 



A SECTION. 
N 



W 



6 


5 


4 


3 


2 


1 


7 


8 


9 


10 


11 


12 


18 


17 


16 


15 


14 


13 


19 


20 


21 


22 


23 


24 


30 


1 
29 1 28 


27 


26 


25 


31 


1 

32 33 

1 


34 


35 


36 



E W 



N.W. 4 

of 
N.W.J 

40 Acres. 



S.W. i 

of 
N.W. \ 



of 

N.W.I 

80 Acres. 



N.E. 4 
160 Acres. 



S.4 
320 Acres. 



S 8 

across to the west, then back to the east, and thus back and forth. 
The division of the section is not made in the original survey ; but 
the middle of the sides on the boundary-lines are marked so that all 
that is afterward necessary is to run the lines across in order to divide 
the sections into quarters. For purposes of sale these quarters are 
again divided into halves and quarters. The following designations 
will be readily understood : " North-west quarter of the north-west 
quarter of Section 10," written, "N.W. \ of N.W. \ of Sec. 10." 
See cut of section. So the east halfc of the north-west quarter is 
designated, " E. ^ of N.W. J of Sec. 10.'' 

Descriptions may be written on the board, and the pupils required 
to illustrate the location by diagrams on their slates. 

N.E. J of S.E. J, Sec. 20, T. 7 N., R. 9 E. 

W. i, S.W. i, Sec. 17, T. 10 S., R. 6 W. 

S. iy Sec. 28, T. 1 S., R. 15 E. 

E. i, N.E. J, Sec. 8, T. 6 N., R. 18 W. 

W. i, Sec. 16, T. 13 N., R. 11 E. 

E. i, S.E. J, Sec. 32, T. 5 S., R. 13 E. 
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THE METRIC SYSTEM. 

13« The Metric System, originally devised and adopted by Uie 
French, makes The Meter the fundamental unit. It was designed 
that the meter should be y^nn^^nnnr P^^^ ^^ ^ quadrant of a meridian 
of the earth. With this design an arc of the meridian, starting from 
the parallel of Dunkirk in the extreme north of France, and running 
the entire length of France, and teiminating in the parallel of Barce- 
lona in the north of Spain, was measured by Delambre and M^chain, 
as directed by the French Government. From this measurement the 
whole quadrant was computed, and the meter established as i-^^jfjrsiF 
part of it. It is now known that there are irregularities in the form 
of the eailh which w^ould make such measurements give different 
results when taken in different places, and that the meter thus estab- 
lished is about j-^ of an inch loo short. 

The meter being thus established, the liter is made a cubic deciwi, 
and this amount of pure water at the temperature of melting ice is 
made the kilog. 

The Metric System has now come to be adopted by most civilized 
nations, although generally only pemiissively, as a system legally 
recognized, but which may be used by the people, or not, as they see 
fit. Nevertheless, all nations, except the French (and they to a con- 
siderable extent), continue to use their various and older systems. 
It is, however, coming to be pretty generally accepted for scientific 
and philosophical purposes, and its cosmopolitan character makes it 
specially desirable that it shoiild be understood by all who lay any 
claim to general intelligence. That the Linear Measures, Measures of 
Weight and of Capacity, will soon be in general use in this country, 
scarcely admits of a doubt; and hence the subject demands a place in 
our schools. 

In attempting to teach the metric system, it is of the fii-st impor- 
tance that the pupils be made familiar with the measures themselves. 
The Metric Buremi, Boston, is organized for the purpose of furnish- 
ing apparatus for teaching, and information upon this subject. 
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14. Value of Foreign Coins in U. S. Money (Gold) as proclaimed by 
the Secretary of the Treasury, Jan. I, 1878. 



COUNTBT, 



Argentine Republic ^ 

Austria 

Belgium 

Bolivia 

Brazil 

Bogota 

Canada ^ 

Central America. . . . 

Chili 

Cubai 

Denmark 

Ecuador 

Egypt 

France 

Great Britain 

Greece 

German Empire. . . . 

Hayti 

India 

Italy 

Japan 

Liberia 

Mexico 

Netherlands 

Norway 

Paraguay ^ 

Peru 

Porto Rico 

Portugal 

Russia 

Sandwich Islands. . . 

Spain 

Sweden 

Switzerland 

Tripoli 

Tunis 

Turkey 

U. S. of Colombia.. 
Uruguay ^ 



Unit. 



Peso f uerte 

Franc 

Dollar 

Mllreisof 1000 reis 

Peso #.,... 

Dollar.... 

Dollar 

Peso ; 

Peso 

Crown 

DoHar 

Pound of 100 piasters. . . 

Franc 

Pound sterling 

Drachma 

Mark 

Dollar < 

Rupee of 16 annas 

Lira 

Yen , 

Dollar 

Dollar 

Florin 

Crown 

Peso 

Dollar 

Peso 

Milreis of 1,000 reis 

Ruble of 100 copecks. . . 

Dollar 

Peseta of 100 centimes . . 

Crown 

Franc 

Mahbub of 20 piasters. . 
Piaster of 16 caroubs. . . 
Piaster 

Patacon 



Metal. 



VT"* • • • • • 
O* •••••• 

G. &S. 
G. &S. 

G 

G 

G 

S 

G 

G 

G 

S 

G 

G. &S. 

\jr« • • • • • 

G. & S. 

G 

s 

ij9 • ■ • • • 

G. &S. 

G 

G 

S 

S 

G 

G 

S 

G 

G 

Kj» • • • • • 

G 

G. &S. 

G 

G. <&S. 

o» • • • • • 
i9« • • • • • 

G 

k7* t • • • • 

G 



U.S. 



$1.00 
.45,3 
.19,3 
.96,5 
.54,5 
.91,2 

1.00 
.91,8 
.91,2 
.92,5 
.26,8 
.91,8 

4.97,4 
.19,3 

4.86,61 
.19,3 
.23,8 
.95,2 
.43,6 
.19,3 
.99,7 

1.00 
.99,8 
.:)8,5 
.26,8 

1.00 
.91,8 
.92,5 

1.08 
.73,4 

1.00 
.19,3 
.26,8 
.19,3 
.82,9 
.11,8 
.04,3 
.91,8 



■ Taken from the Treasury circular for 1875, as tbey are not mentioned lxv\8n%. 
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PRESENT GOLD COlNAGEl 

OF THE UNITED STATES. 
jrfgT. 




Hdr-Eagle— Fivs Dollan. 1870. 




UNITED STATES COINS IN USE BUT 
NOT NOW COINED. 




SILVER. 

GERMAN COINS. 




ENGLISH COINS. 




ANSWEES. 



This book will be supplied with or without the 
Answers, as may be desired. 



Sheldon & Compat^y's Te^^tSooks, 



HISTORIES OF THE UNITED STATES. 

By Benson J. Lossing, author of *' Field-Book of the Revolu- 
tion," " Illustrated Family History of the United States," &c. 



JLossing^s Primary History, Fob Begikkers. A charm- 
ing little book. Elegantly illustrated. 238 pages. 

Lo8sing^8 Outline History of the United States. One 

volume, 12mo. We invite the careful attention of 

teachers to some of its leading points. In degance of appear- 
ance and copious iUtcstrations, both by pictures and maps, we 
think it surpasses any book of the kind yet published. 

1. The work is marked by uitctnntnon clearness of statement. 

2. The narrative is divided into A/A' DISTINCT J*JEItIOn8, namely : 
I>^lseoveries, Settlements^ t'olonieSf The JCevolution, The A'ation, 
and The Civil War and its coujieqitfuces. 

3. The work is nrranf/ed in short sentences, so that the substance of 
each may be easily comprehended. 

4. The most important events are indicated in the text by Heavy- 
faced letter. 

5. Full Qttestions are framed for every verse. 

0. A. J^ronouneiuff Vocabulary is ramished in foot-notes . wherever 
required. 

7. fl Brief Synopsis of topics is given at the close of e€teh section, 

8. An Outline History of IMPORTANT EVENTS is given at the close 
of every chapter. 

9. The work is jtrofusely illustrated by Maps, Charts and Plans ex- 
planatory of the text, and by carefully-drawn pictures of objects and events. 

Lossifif/^s Sciiool History. 383 pages. 

Containing the National Constitution, Declaration of 
Independence, Biographies of the Presidents, and Questions. 

This work is arranged in six chapters, each containing the record of an im- 
portant period. The First exhibits a general view of the Aboriginal race 
who occupied the continent when the Europeans came. The Second is a 
record of all the I}iseoveries and preparations for settlement made by indi- 
viduals and governments. The Third delineates theprogress of aU the Settle- 
ments until colonial governments were formed. llie Fourth tells the story 
of these Colonies fi'om their infoncy to maturity, and illustrates the continutu 
development of democratic ideas and republican tendencies which finally 
resulted in a political confederation. The Fifth has a ftill account of the im- 
portant events of the War for Independence ; and the Sixth gives a con- 
cise History of the Republic from its formation to the present time. 



/ 



These books are designed for different grades of pupils, and adapted to tbe 
time usually allowed for the study of this important suoject. Each embraces 
the history of our country from its discovery to its present administration. 
The entire series is characterized by chasteness and clearness of style, accuracy 
of statement, beauty of typography, and Aillness of illustration^ The author 
has spent the greater part of his life in collecting materials for, and in writing 
history, and his ability and reputation are a sufficient guarantee that tbe work 
has been thoroughly done, and a series of histories produced that will be in- 
vainable in training and educating the youth of our country. 



Sheldon Jk Compatiy't TextSooJbs. 



PHYSIOLOGIES. 

Hooker's First Book in Fhyaiology. For Pnblic Schools. 

Hooker's New Fln/sioloff}/, BeviBod, corrected, and put 
Into the moBt perfect form for l«xt-book use. By J. A^ Skwall, ■ 
M. D., of the niinoie State Normal UmTerdty, 
A few of Che eiceUenctee of these books, orwbleh teadiera and others liaie 
spoken, are; 1st. Their cleanicaa, boUiln Etatement nnddeecripaon. Sd. Tho 
skin Willi which the lnt«vafiR0 points of thosabject are bnmgbt out. 3d. The 
eiclosian of all aselefS matter; other books on this sabject having mnch In 
them which Ib nsetU only to medical Btadcnts. 4th. The eicinalon, so &r is 
Ib possible, of BtricU; tscbnical terms. 61h. The adaptation of each boob to 
Its particolar purpoBS, the smilUer work preparing the Bipolar to understand 
the fhll deTeh>pmBDt of the enbjecl la the larger one. 6th. In the larger work 
the science ol Phjslolog; U brought oat as itnoui is, with its recent Important 
discoveries. Tlh. Some eiccedlngly interesting and Important subjects are 
fully treated, which. In other books of a similar character, are either barelj 
hinted at or are entirely omitted. 8tt. These works are not mere compUalions, 
bnt have the BtampofDrifTlaa^fy, dilTerlng in eome essential points fromall 
other woAb of their chisa. 9th. In beanty and cleBmeBB of atylo, which are 
qnalltleB of no Bmall Importance in books for instmctton, lAty wia nmJC om 
maJtit. IDth. The subject is so presented that there ts nothius to oOhnd the 
most refined taete or the most scmpnlooB delicacy. 

XXetnents of Anfitomy, Fhyaiology, and Hygiene, 
By Prof. J. R. LooKis. Fre«dent of Louisborgh Univeidtj, 
Penn. Beautifully Ulustrated with origioal dravings. Be- 
vised Edition. > 

" I haTi eiamlned with some care the Physiology of President LoomlB. It \ 
Beems to me clear, conciae. wc-ll-arranged, and in all respects admirably I 
adapted for the parposes of a teit-hook in schools and colleges. It has been ' 
used by the classes in this Unlvereity with entire satisfaction."— £«'. U. B. 
AmieeoH. D.D., Praident <^ Bodiesier UniverMji. 

PAIMEE'S BOOK-KEEPMG. 

Falmer's Practical Eook-Ki-eping. By Jobefh H. 

Palmee, A.M., Instructor in New Tork Free Academy. ISroo. 

167 pages. 
Blanks to do. (Journal and Ledger), 
Key to do. 



4- 
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Olqey'^ 0eiHe^ of pkti\eir(^ 



OLNSY*S PRlMAKy ARITHMETIC, 
OLNSY^S ELEMENTS '<>f ARJTHMETia 
QCNEY^S PRACTICA4 ARITHMETIC: 
OtNEyS SCIENCE Off ARITHMETIC. 
INTRODVCTiON TO ALGEBRA . ! . ^ ' 
COMPLETE ALGEBHA . . . , . 
TEST EXAMPLES IN" ALGEBRA . ^ 












OLNEY^ JHIGHER MAt|lEMATiC& 

UNIVERSITY ALGEBRA » • > . . * . 

ELEMENTS OP ^EdMETRY . . . . . . 

ELEMENTS OP TRIGONOkETRY , . . ,. . 

GEOMETRY AND TRIGONOMETRY;, VNIV, ED, . . 

GENERAL GEOMETRY AND CALCUlUS , . . . 

Jsfew ^m^ 

NEU^ INTHODUCTORY GEOGRAPHY. Wm tSnew maps. 

COMMON SCHOOL GEOGRAPHY' .. * ^ . . ^ ^ 
H^xM aa ^ftff^ Ma^y^% large Rallriad Maps^ and ^%/Ml 
' ; R^trence Maps,- . -i^// separate* ' . " . 
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SHAW'S NEW HISTORY OF EN(^LISH ANi> AMER- 

rCAN LITERA TURE . • . . \ . . ■, 

A COMPLETE MANUAL OP ENGLISH Lir^MRATVRE. 

By Thos. B> Shaw ani William Smithy LLM, 
SPECIMENS OP ENGLISH LITERATURE I ,, , . 

Ediifid by- Thos, B: Shaw and William Smithy LL J). ' 

SPECIMENS OP A MER. LIT y LITERARY" READER^ 

By B, N.Martin, PD.,L.H.D. ; 



-»-* 



LOSSINCS PRIMARY HISTORY OP THE U, S, . 

LOS^ING^S COMMON SCHOCJi HISTORY OP U. S. 

\ LOSSING^S dUTLlNK U, S. HISTORY, fn prets, : 
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PA TTERSON'S COMMON SCHOOL SPELLER . * 

PATTERSON'S SPELLER. AN 3 ANALYZER , •. 

PA TTERSON'S EXBRCiSE, BOOK, SMA LL SIZE . . 

PA TTE^SON^S EXERCISE B06k, LARGE SIZE . 

^SHELDON & 60:, Publishers, 
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